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T h i s s t u d y has examined the r a t e a t w h i c h t h e s e e d s o f 
c e r t a i n s p e c i e s d i s a p p e a r from woodland s o i l s , and w h e t h e r t h e 
c o m p o s i t i o n of the s e e d banks b e n e a t h s t a n d s o f known age c a n be 
used t o r e v e a l management h i s t o r y . A s s o c i a t e d w i t h t h i s i s an 
i n v e s t i g a t i o n of the s p a t i a l d i s t r i b u t i o n o f t h e s t o r e d 
p r o p a q u l e s . 
A q u e s t i o n a r i s e s a s to whether s p e c i e s w i t h l o n g l i v e d s e e d s 
c a n s u r v i v e a s b u r i e d s e e d l o n g enough t o t a k e a d v a n t a g e o f t h e 
o p e n i n g o f t h e canopy and s o i l d i s t u r b a n c e r e s u l t i n g from t h e 
f a l l i n g of o l d t r e e s . G i v e n the g r e a t l i f e s p a n o f most t r e e s , 
c h i s i s a s t r a t e g y open o n l y to s p e c i e s w i t h e x c e p t i o n a l l y l o n g 
l i v e d s e e d b a n k s . One s u c h s p e c i e s i s H y p e r i c u m p u l c h r u m , w h i c h , 
a s t h e s e e d bank s u r v e y s c a r r i e d o u t i n t h i s s t u d y show, c a n 
e x i s t a s v i a b l e s e e d s b e n e a t h w oodlands o f g r e a t age i n t h e 
T a v i s t o c k Woodland E s t a t e i n Devon. 
I s t h i s g e r m i n a t i o n and r e p r o d u c t i o n on t r e e f a l l s s u f f i c i e n t 
t o m a i n t a i n H y p e r i c u m i n the s e e d bank i n d e f i n i t e l y ? To a n s w er 
t h i s q u e s t i o n , a computer model was d e v e l o p e d t o examine t h e 
e f f e c t o f v a r i o u s p a r a m e t e r s on t h e s u r v i v a l t i m e o f a H y p e r i c u m 
s e e d bank b e n e a t h a s i m u l a t e d woodland. The model a l l o w e d 
p r e d i c t i o n o f b o t h the mean d e n s i t y o f b u r i e d s e e d s i n a u n i t 
a r e a , and t h e d e v e l o p m e n t o f p a t t e r n w i t h i n t h e s e e d bank. 
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o f H y p e r i c u m was i n s u f f i c i e n t t o m a i n t a i n a s e e d bank by a " c h a i n 
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A survey of woodland seed banks i n the Tamar V a l l e y . 
1.1 I n t r o d u c t i o n 
The existence o f a seed bank of shade i n t o l e r a n t species i n 
the s o i l beneath the canopies of secondary woodlands has been 
e s t a b l i s h e d by the studies of Costing & Humphries (1940) and 
Livingstone & A l l e s s i o (1968). These surveys have revealed t h a t 
woodlands cover seed banks composed of species of previous 
successional s t a t e s , or i n the case o f managed woodlands o f 
species present a t the s i t e before p l a n t i n g . Moore & Wein (1977) 
and Brown & Oosterhuis (1981) have shown how both canopy species 
and management p r a c t i c e can also i n f l u e n c e seed bank f l o r i s t i c 
composition. 
With closure of the woodland canopy and the cessation o f the 
seed i n p u t of excluded, shade i n t o l e r a n t p l a n t s , the density of 
v i a b l e propagules w i l l decrease through the combined e f f e c t s of 
premature germination, d e p l e t i o n o f the seeds' stored reserves, 
fungal a t t a c k and predation ( Moore & Wein 1977 ) . Thus w i t h o u t 
f u r t h e r disturbance, the s o i l seed f l o r a o f woodland w i l l r e v e r t 
t o t h a t of ancient f o r e s t s , c o n s i s t i n g of seeds c a r r i e d i n from 
e x t e r n a l sources and the t r a n s i e n t seed banks of shade t o l e r a n t 
species, v i a b l e f o r less than one year (Thompson & Grime 1979). 
With incre a s i n g use of seed bank studies i n the examination 
of the past v e g e t a t i o n o f p a r t i c u l a r s i t e s and the dynamics o f 
e x i s t i n g communities, a knowledge o f the s p a t i a l d i s t r i b u t i o n s o f 
seed banks i n the s o i l , and the r a t e s a t which changes occur 
would be valuable. This study was i n i t i a t e d w i t h the aim o f 
examining the s p a t i a l heterogeneity o f the seed bank f l o r a s of 
the woodlands comprising the Tavistock Woodland Estate, Devon, 
England, w i t h an emphasis on the developments t a k i n g place w i t h 
i n c r e a s i n g canopy age. 
1.2 S i t e D e s c r i p t i o n s . 
The Tavistock Woodland Estate covers 900 hectares of woodland 
i n the Tamar and Tavy v a l l e y s i n Devon and Cornwall England 
(Figures 1 fi 2 ) . The Estate i s now owned by the E a r l of Bradford, 
but before 1956 was p a r t o f a much l a r g e r e s t a t e owned by the 
Russel f a m i l y . Dukes of Bedford, obtained a f t e r the d i s s o l u t i o n 
of the English Monastic orders i n 1539, 
Apart from the d i v e r s i t y o f woodland ages and canopy types 
provided by t h i s area the Tavistock Woodland Estate has one major 
advantage f o r seed bank s t u d i e s . A continuous s e r i e s o f e s t a t e 
management records d a t i n g from the 16th century can be used t o 
a s c e r t a i n the management h i s t o r y o f the m a j o r i t y o f timber 
stands. 
The h i s t o r i c a l ecology of the major coppice woods of t h i s 
area i s l i n k e d t o the i n d u s t r i a l archaeology of the Tamar V a l l e y , 
During the 18th and 19th c e n t u r i e s the region was the s i t e of one 
of the l a r g e s t c o l l e c t i o n s of copper mines i n the country. Seams 
of copper ran through the v a l l e y sides from east t o west and were 
excavated from a se r i e s o f mine s h a f t s , the remains of which can 
s t i l l be seen. Ore was shipped by barge from the docks a t 
Morewellham and Calstock down the Tamar t o Plymouth. The 
woodlands o f the Tavistock and Cotehele Estates provided timber 
f o r l o c a l s h i p p ing, house b u i l d i n g , mining and f u e l . Smaller wood 
was s t r i p p e d of i t s bark f o r use i n the tanning t r a d e . 
Figure 1. A map of England showing the l o c a t i o n of the study 





Location of area covered by Figure 2 
Figure 2. A map showing the approximate l o c a t i o n s of the 















Warleigh p o i n t 
R. Tamar 
Plymouth 
At the end of the 18th century the a r r i v a l of the r a i l w a y 
l e d to the d e c l i n e of the barge trade and along with c l o s u r e of 
the mines i n 1901 and the i n t r o d u c t i o n of cheap chemicals i n t o 
the tanning i n d u s t r y , l e d t o the c e s s a t i o n of coppicing i n the 
a r e a i n the e a r l y 1900's. I n order to r e c l a i m the mining a r e a s 
Lord Bradford p l a n t e d l a r g e a r e a s w i t h softwoods, f o l l o w i n g which 
th e r e has been a gradual c o n v e r s i o n of the remaining coppice 
a r e a s to softwood. 
1.2.1 Carthamartha Wood O.S G r i d Ref 378 776 
T h i s wood was bought by the Duke of Bedford i n 1870. The 
coppice was c l e a r e d i n 1906 and r e p l a n t e d w i t h a mixture of 
softwoods. I t has been managed using the normal p l a n t a t i o n 
f o r e s t r y technique of t h i n n i n g to c o n t r o l the growth r a t e of the 
t r e e s . 
The ground f l o r a of the wood i s dominated by e i t h e r Rubus 
f r u t i c o s u s or L u z u l a s y l v a t i c a . Each seems to form a r e a s of 
complete monospecific cover i n the thinned rows between the 
t r e e s . T h i s may be due to the a b i l i t y of each s p e c i e s to exclude 
the other { i n which case the f i r s t s p e c i e s p r e s e n t would form 
the ground v e g e t a t i o n ) , or to unknown p h y s i c a l and environmental 
f a c t o r s . The only other s p e c i e s p r e s e n t i n the ground f l o r a of 
the a r e a surveyed were O x a l i s a c e t o s e l l a and Hedera h e l i x . 
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1.2,2 Morewellham Wood O.S G r i d Ref 442 703 
With the d e c l i n e i n the use of coppice as the major wood 
supply of the a r e a , a s e c t i o n of t h i s woodland was c l e a r e d i n the 
19th century to provide land f o r the c u l t i v a t i o n of s t r a w b e r r i e s . 
T h i s a r e a was s i t u a t e d on the ste e p south f a c i n g s l o p e s of the 
Tamar v a l l e y . 
Over the p a s t t h i r t y y e a r s the ar e a has been r e a f f o r e s t e d 
w i t h a v a r i e t y of softwood s t a n d s . The seed bank survey was 
c a r r i e d out i n an ar e a r e p l a n t e d w i t h Japanese l a r c h ( L a r i x 
l e p t o l e p i s ) 26 y e a r s before sampling. The ground f l o r a c o n s i s t e d 
of a t h i c k cover of Rubus f r u t i c o s u s which pr o v i d e s a second 
canopy beneath the t r e e s . The only s p e c i e s which can s u r v i v e t h i s 
double l a y e r of shading a r e Galium a p a r i n e and Hyacinthoides 
n o n - s c r i p t a . 
l.,2,3 Blanchdown Wood O.S G r i d Ref 420 730 
T h i s i s the s i t e of a secondary woodland p l a n t e d on the mine 
s p o i l dumped from a d i s u s e d copper mine. The s i t e was a l s o used 
i n the e a r l y 19th century as a game r e s e r v e . The samples i n t h i s 
a r e a were removed from a Beech p l a n t a t i o n ( Fagus s y l v a t i c a ) 
pl a n t e d i n 1930. The ground v e g e t a t i o n was exce e d i n g l y s p a r s e , 
composed only of Rubus f r u t i c o s u s . 
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1.2.4 Wareham Wood O.S G r i d Ref 390 780. 
The t r e e cover of Wareham Wood i s composed of approximately 
20 h e c t a r e s of o l d oak coppice (Quercus spp.) of v a r i o u s ages. 
S i n c e the abandoning of the coppice management i n the 19th 
century, a r e a s have been f e l l e d f o r the use of the E s t a t e , 
u s u a l l y to be s o l d as f i r e wood. Many are g r a d u a l l y being 
r e p l a c e d w i t h p l a n t a t i o n s , although i t i s hoped to leave a l a r g e 
a r e a as a r e s e r v e . The removal of these a r e a s has not been 
recorded i n the management books so t h a t stand ages were 
c a l c u l a t e d using r i n g c o r e s . 
One f e a t u r e throughout Wareham Wood i s the absence of 
i d e n t i f i a b l e standard t r e e s w i t h i n the coppice. A s e r i e s of 
decaying stumps t h a t e x h i b i t e d s i g n s of f e l l i n g i n d i c a t e d t h a t 
the l a r g e r t r e e s may have been removed and s o l d on abandonment of 
the coppice. 
The ground f l o r a of the are a was composed of Vaccinium 
m y r t i l l u s , L o n i c e r a periclymenum, Rubus f r u t i c o s u s , O x a l i s 
a c e t o s e l l a , Pteridixam aquilinum, Hedera h e l i x , and o c c a s i o n a l l y 
i n the overgrown r i d e s L u z u l a s y l v a t i c a . 
1.2.5 Greystone Wood O.S G r i d Ref 363 795 
L i f t o n Wood O.S G r i d Ref 392 845 
These coppice woodlands of stand age c50 y r s were s i t u a t e d to 
the north of the Tamar v a l l e y . They a r e two s m a l l a r e a s of 
woodland which appear to have been cibandoned a t approximately the 
same time as Wareham Wood. The denser shading of the younger 
canopy excluded the m a j o r i t y of the ground f l o r a w i t h only Rubus 
f r u t i c o s u s able t o s u r v i v e . 
1.2.6 Warleigh P o i n t O.S G r i d Ref 448 610 
T h i s a r e a of coppice and broad-leaved woodland i s s i t u a t e d a t 
the the confluence of the r i v e r s Tamar and Tavy t o the north of 
Plymouth. The a r e a i s a nature r e s e r v e o f 12.8 h e c t a r e s t h a t has 
been a c t i v e l y managed by c o p p i c i n g . The r e s e r v e c o n t a i n s two 
stands of 5 and 20 y r s age which were used i n t h i s study. The 
ground f l o r a beneath the canopy i s composed of Rubus f r u t i c o s u s , 
Hyacinthoides n o n - s c r i p t a and M e r c u r i a l i s p e r e n n i s . 
1.2.7 Woodland S o i l s . 
The woodlands s t u d i e d i n these surveys are s i t u a t e d on a 
s l a t e and s h a l e bedrock. These provide the pare n t m a t e r i a l s f o r 
the s o i l s above them which show l i t t l e v a r i a t i o n throughout a l l 
of the sampled s t a n d s . The s t r u c t u r e i s an Aci d Brown E a r t h whose 
depth v a r i e s a c c o r d i n g to exposure. A l l a r e w e l l drained w i t h 
measured pH v a l u e s between 3 and 4. 
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1.3 A review of p r e v i o u s seed bank survey techniques. 
1.3.1 E x t r a c t i o n methods. 
I n v e s t i g a t i o n s of the composition and d e n s i t y of seed banks 
have used a v a r i e t y of techniques and t o o l s f o r the e x t r a c t i o n of 
a r e p r e s e n t a t i v e sample of s o i l . These f a l l i n t o two c a t e g o r i e s . 
i ) E x t r a c t i o n by hand. 
These methods i n v o l v e c u t t i n g of the t u r f , u s u a l l y w i t h a 
k n i f e or machete, followed by the removal of the s o i l l a y e r s with 
a trowel ( Olmstead & C u r t i s 1948, Marquis 1975 ) . Although 
s u i t a b l e f o r use i n assessment of the composition and d e n s i t y of 
seed banks, t h i s method i s not s u i t a b l e f o r the examination of 
the v e r t i c a l d i s t r i b u t i o n s of seeds, because i t a l l o w s 
contamination a c r o s s the sampled l a y e r s . 
i i ) Removal of s o i l c o r e s using an e x t r a c t i o n t o o l . 
T h i s i s the method used by the m a j o r i t y of seed bank s t u d i e s . 
The dimensions of the instrument used range from the 1-3 i n c h 
diameter c o r e r of Champness (1949), to the 30 x 30 cm square 
c o r e r of Brown & O o s t e r h u i s (1981). S o i l c o r e s e x t r a c t e d by t h i s 
method can be d i v i d e d h o r i z o n t a l l y i n t o the r e q u i r e d sampling 
depths w i t h ease, reducing the e r r o r s a s s o c i a t e d with c r o s s 
contamination. 
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The d i f f i c u l t i e s i nvolved i n handling l a r g e c o r e s of s o i l and 
the s t a t i s t i c a l advantages d e r i v e d from using l a r g e numbers of 
s m a l l c o r e s to sample c o n t a g i o u s l y d i s t r i b u t e d populations, has 
led to the m a j o r i t y of workers i n c r e a s i n g sample number r a t h e r 
than sample s i z e . Thompson (1986) concluded t h a t p a t t e r n w i t h i n 
the seed bank cannot be e s t a b l i s h e d to w i t h i n t o l e r a b l e accuracy 
l i m i t s without removal of l a r g e numbers of s o i l c o r e s ( > 50 ) , 
e s p e c i a l l y f o r the h i g h l y contagious d i s t r i b u t i o n s t h a t he found 
w i t h i n p a s t u r e seed banks. 
S o i l c o r e r s which have been used to assay seed banks range i n 
s o p h i s t i c a t i o n from the g o l f cup c u t t e r s of L i v i n g s t o n e & 
A l l e s s i o (1936), to m o d i f i c a t i o n s of the samplers devised by 
C o i l e (1936), used f o r studying the p h y s i c a l p r o p e r t i e s of s o i l . 
The e s s e n t i a l d e sign c r i t e r i a are ease of use and minimum 
compaction of the s o i l core i f the v e r t i c a l d i s t r i b u t i o n of seeds 
i s to be s t u d i e d (Roberts 1981). 
1.3.2 Scunpling procedures. 
The s u r v e y s of C o s t i n g & Humphries (1940), L i v i n g s t o n e & 
A l l e s s i o (1968) and Brown & O o s t e r h u i s (1981), i n which the 
emphasis has been pl a c e d on the presence or absence of p a r t i c u l a r 
s p e c i e s , have i n v o l v e d c o n s o l i d a t i o n of a l l samples removed from 
a s i n g l e a r e a i n t o a u n i t from which sub-samples are taken. T h i s 
r e s u l t s i n v a l u e s f o r the seed d e n s i t y which do not c o n s i d e r 
w i t h i n s i t e v a r i a t i o n . 
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The i n t r o d u c t i o n of s t a t i s t i c a l techniques i n the a n a l y s i s of 
sample r e s u l t s has l e d to an examination of the s p a t i a l 
d i s t r i b u t i o n of seeds w i t h i n the s o i l , by use of random samples 
(Champness 1949, Moore & Wein 1977, H i l l & Stevens 1981); 
t r a n s e c t s of s o i l c o r e s (Kellman 1974, Symonides 1978); and g r i d s 
of contiguous c o r e s (Thompson 1986). Champness (1949) and E l l i o t 
(1977) have shown how the v a r i a t i o n i n sample d e n s i t i e s measured 
fo r each s p e c i e s can be used to d e r i v e the number of samples 
r e q u i r e d t o o b t a i n population d e n s i t y e s t i m a t e s w i t h i n s p e c i f i c 
e r r o r l i m i t s . 
However, owing to the contagious d i s t r i b u t i o n s e x h i b i t e d by 
the m a j o r i t y of seed bank s p e c i e s and the low d e n s i t i e s a t which 
many ar e found, l a r g e numbers of samples a r e g e n e r a l l y r e q u i r e d 
t o enable p r e c i s i o n i n d e n s i t y e s t i m a t e s . The d i f f i c u l t i e s 
i n v o l v e d i n removal of a l a r g e volume of s o i l , as w e l l as i n the 
treatment used to assay the seed d e n s i t y , ensure t h a t the 
m a j o r i t y of s t u d i e s are s t i l l r e s t r i c t e d to e x t r a c t i o n of a 
manageable sample number, u s u a l l y lower than the optimum (Whipple 
1978, Thompson 1986). As Roberts (1981) s t a t e s t h i s may s t i l l be 
s u f f i c i e n t f o r p r e d i c t i o n s of sample d e n s i t i e s to be made i f the 
a s s o c i a t e d e r r o r s a r e included i n the f i n a l c o n c l u s i o n s . 
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1.3.3 Sample treatment. 
A comprehensive survey of the l i t e r a t u r e concerning the 
techniques used f o r e s t a b l i s h i n g the d e n s i t y of v i a b l e propagules 
w i t h i n s o i l samples i s given by Roberts (1981). The methods f a l l 
i n t o two c a t e g o r i e s . 
i ) E x t r a c t i o n of the seeds from the s o i l . 
S o i l samples a r e washed i n water or chemical s o l u t i o n s , or 
d r i e d i n order to break down the s o i l m a t r ix. The seeds a r e then 
removed by f l o a t a t i o n on s o l u t i o n s of v a r i o u s d e n s i t i e s , i n a i r 
flow apparatus, or by s i e v i n g . 
The v i a b i l i t y of the e x t r a c t e d seeds i s then t e s t e d by 
inducing germination under c o n t r o l l e d c o n d i t i o n s , or by 
s u b j e c t i n g the seeds to a t e t r a z o l i u m t e s t . 
i i ) Germination of seeds from w i t h i n the s o i l sample. 
Samples ar e s i e v e d t o remove stones and p l a n t debris. The 
remainder i s p l a c e d i n seed t r a y s , u s u a l l y w i t h i n a c o l d 
greenhouse, and the s e e d l i n g s which appear a r e then removed a f t e r 
i d e n t i f i c a t i o n . At r e g u l a r i n t e r v a l s the s o i l i s s t i r r e d to 
ensure t h a t a l l seeds w i t h i n the sample ar e s u b j e c t to the 
germination inducing environment. 
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The f i r s t method has the advantage of e x t r a c t i n g a l l seeds 
(although w i t h i n c r e a s i n g d i f f i c u l t y as seed s i z e d e c r e a s e s ) , 
g i v i n g an exact measurement of d e n s i t y . However the determination 
of v i a b i l i t y can be a f f e c t e d to a g r e a t e x t e n t by the opera t o r s 
s k i l l a t using the t e t r a z o l i u m t e s t , which i s e s p e c i a l l y 
d i f f i c u l t f o r the s m a l l seeded s p e c i e s which tend t o make up the 
l a r g e s t proportion of seed banks; the method i s t h e r e f o r e time 
consuming. I n comparison w i t h the d e n s i t i e s t h a t would germinate 
i n the f i e l d t h i s method w i l l produce an overestimate of s e e d l i n g 
d e n s i t y . 
The advantages of the second method are the red u c t i o n i n 
e f f o r t r e q u i r e d f o r the survey, ease of s e e d l i n g as opposed to 
seed i d e n t i f i c a t i o n , and i f c o n d i t i o n s are kept as c l o s e as 
p o s s i b l e to those of the f i e l d , a b e t t e r e s t i m a t e of the 
d e n s i t i e s l i k e l y to a r i s e i n the n a t u r a l environment. C r i t i c i s m s 
of the method a r e the amount of space r e q u i r e d f or the a s s a y , the 
de l a y i n o b t a i n i n g r e s u l t s and the f a c t t h a t c o n d i t i o n s may not 
s t i m u l a t e germination of a l l s p e c i e s . Roberts (1981) has 
suggested t h a t a combination of the two methods may provide a 
s u i t a b l e s o l u t i o n . Choice of the technique to be used, as with 
the number of samples to be e x t r a c t e d , i s dependent on a v a i l a b l e 
r e s o u r c e s of both time and space. 
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1.4 Sample e x t r a c t i o n and treatment. 
1.4.1 The s o i l c o r e r . 
A l l samples were removed from the woodlands u s i n g a sledge 
hammer and a s o i l c o r e r designed s p e c i f i c a l l y f o r t h i s survey. 
The c o r e r was produced from a length of s t e e l p i p i n g with 
i n t e r n a l diameter 10 cm and a w a l l t h i c k n e s s of 0.5 cm (Fi g u r e 
3 a ) . The base of the pipe was sharpened to provide a c u t t i n g 
edge, and two 0.5 cm h o l e s were d r i l l e d a c r o s s a diameter a t the 
top, so t h a t a handle could be a t t a c h e d . To p r o t e c t the c o r e r 
edges from the blows of the sledge hammer and d i s t r i b u t e the 
f o r c e evenly over the c u t t i n g edge, a 2 cm t h i c k countersunk 
s t e e l l i d was p l a c e d on to the top of the c y l i n d e r before 
s t r i k i n g w i t h the hammer. 
Removal from the s o i l was achieved by a t t a c h i n g the handle to 
the h o l e s i n the upper rim. A plunger s i m i l a r to t h a t of a 
s y r i n g e ( F i g u r e 3c) was then used to push the sample out from the 
c o r e r . I n a few c a s e s the s o i l moisture content prevented the 
a p p l i c a t i o n of s u f f i c i e n t f o r c e to remove the core by t h i s 
method. A screw threaded plunger ( F i g u r e 3d), f i t t e d to the h o l e s 
d r i l l e d f o r the handle, removed a l l "stubborn" c o r e s . 
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F i g u r e 3. The s o i l c o r e r and e x t r a c t i o n t o o l s used to 








1.4.2 Sampling procedure. 
P r i o r to c o r i n g loose l e a v e s and twigs were removed from the 
p o s i t i o n to be sampled. The c o r e r was then p l a c e d on the s o i l and 
d r i v e n v e r t i c a l l y i n t o the ground u s i n g the sledge hammer. The 
handle was a t t a c h e d , and the c o r e r s l o w l y withdrawn. 
A f t e r s c r a p i n g the e x c e s s s o i l from the o u t s i d e of the c o r e r , 
the u n i t was p l a c e d i n s i d e a t i g h t f i t t i n g p l a s t i c bag and the 
plunger was then used to push the sample from the c o r e r . During 
t h i s p r o c e s s the p l a s t i c bag was supported by a h a l f s e c t i o n of 
p l a s t i c d r a i n pipe, preventing the sample from breaking up. The 
p l a s t i c bag was then wrapped t i g h t l y around the sample and bound 
wit h s e l l o t a p e to keep the u n i t together. A l l samples were then 
packed u p r i g h t i n c a r r y i n g t r a y s to prevent damage during 
t r a n s p o r t . 
A l l samples were removed during the months from November to 
February of each sampling y e a r . Samples were processed w i t h i n one 
week of removal from the woodland and during t h i s period they 
were s t o r e d i n the c a r r y i n g t r a y s i n the polythene tunnel used 
f o r the germination treatment. 
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1.4.3 Sample treatment. 
Samples were processed u s i n g one of two methods s e l e c t e d 
a c cording to the number of c o r e s removed i n the experiment. 
i ) S o i l washing 
Cores from the depth experiments ( see page 3A ) , which 
an a l y s e d a r e l a t i v e l y s m a l l number of samples w i t h an emphasis on 
the a c curacy of the s e p a r a t i o n of s o i l l a y e r s , were t r e a t e d w i t h 
a s o i l washing apparatus. T h i s was developed from the seed blower 
developed a t S h e f f i e l d (Whatley 1984), used t o separate seeds 
from c h a f f . The blower uses a v a r i a b l e speed e l e c t r i c fan to 
c r e a t e a c u r r e n t of a i r w i t h i n a v e r t i c a l column i n t o which the 
seeds and c h a f f a r e p l a c e d . V a r i a t i o n s of a i r speed a l l o w the 
l i g h t e r c h a f f to be removed from the seeds. 
R e p l a c i n g the a i r blowing fan w i t h a water j e t produces an 
apparatus which w i l l s e p a r a t e the l i g h t o r g a n i c matter from the 
h e a v i e r m i n e r a l s o i l ( F i g u r e 4 ) . 
S o i l samples were t r e a t e d c h e m i c a l l y u s i n g the technique 
developed by Malone (1967), but a t a d i l u t i o n of four times. T h i s 
s o l u t i o n s t r e n g t h was found to be s u f f i c i e n t to d i s r u p t the 
chemical bonding of the s o i l m a t r i x and a l l o w e x t r a c t i o n of the 
o r g a n i c matter. The s l u r r y produced by t h i s technique was p l a c e d 
i n the base of the washing apparatus and the system s e a l e d . A 
water j e t c r e a t e d by the p r e s s u r e from a l a b o r a t o r y tap d i s t u r b s 
the s l u r r y and produces a r e v o l v i n g column of water. L i g h t e r 
p a r t i c l e s a r e l i f t e d by the f o r c e of the r i s i n g water and s e t t l e 
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F i g u r e 4. The s o i l w a s h i n g a p p a r a t u s u s e d t o rem o v e 
s e e d s f r o m s o i l s a m p l e s . 
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a t the l e v e l where the f o r c e of the water and g r a v i t a t i o n a l p u l l 
a r e balanced. T h i s s e t s up a graded column of p a r t i c l e s i z e s . The 
flow r a t e can then be a d j u s t e d to l i f t the l i g h t e r organic matter 
over the top of the column, to be caught i n the removable s e i v e . 
The waste water w i t h suspended s o i l p a s s e s through the s e i v e and 
out of the waste p i p e . 
The c o l l e c t e d seeds and o r g a n i c matter were e i t h e r hand 
s o r t e d beneath a microscope or l a i d on a 5 cm l a y e r of s t e r i l e 
sand i n pots i n a c o l d greenhouse. The pots were watered from 
below by f e l t matting a t t a c h e d to a continuous d r i p feed 
system. T h i s r e d u c t i o n of the volume of the t r e a t e d s o i l s a l l o w s 
more samples to be s u b j e c t e d to r i g o r o u s l y c o n t r o l l e d germination 
c o n d i t i o n s i f r e q u i r e d . 
T e s t s f o r the e f f e c t of both the chemical treatment and the 
washing technique, using the seeds i n u n t r e a t e d s o i l as a 
c o n t r o l , showed no s i g n i f i c a n t change i n germination or 
s u r v i v o r s h i p of s e e d l i n g s . 
T r i a l s a l s o showed t h a t hand s o r t i n g f o r the l a r g e r seeded 
s p e c i e s eg Rumex spp. and Rubus f r u t i c o s u s , gave almost 100% 
s u c c e s s i n r e c o v e r y . Smaller seeds were l e s s s u c c e s s f u l l y 
recovered, w i t h the r a t e dependent on the o r g a n i c matter content 
of the s o i l . T e s t s using known numbers of seeds showed t h a t the 
s m a l l e r seeded s p e c i e s such as Hypericum pulchrum and D i g i t a l i s 
purpurea were trapped by the s e i v e and were s u c c e s s f u l l y 
recovered by the c o l d greenhouse germination treatment. 
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i i ) Germination from w i t h i n the s o i l sample. 
During the t h r e e sampling seasons over one thousand samples 
were assayed f o r t h e i r d e n s i t y of v i a b l e propagules. The l a r g e 
volumes of s o i l i n v o l v e d i n the m a j o r i t y of the experiments made 
use of the washing technique f o r a l l samples i m p o s s i b l e . The 
g r e a t e r p r o p o r t i o n of the samples to be assayed were t h e r e f o r e 
p l a c e d i n seed t r a y s i n an unheated polythene tunnel and seed 
d e n s i t y measured by counting the number of germinating s e e d l i n g s . 
The c o r e s were passed through a 0.75 cm s i e v e i n order to 
remove stones and l a r g e o r g a n i c matter. The remaining s o i l was 
then spread to a depth of 1 cm on a 1 cm l a y e r of s t e r i l e 
h o r t i c u l t u r a l sand i n p l a s t i c seed t r a y s (35 x 24 x 5 cm). Each 
10 cm deep sample occupied two t r a y s a t t h i s s o i l depth. The 
t r a y s were p l a c e d on 24cm wide s t r i p s of c a p i l l a r y matting which 
ran the length of a t h i r t y metre polythene t u n n e l . The slope of 
the ground i n the tunnel allowed the c a p i l l a r y matting to siphon 
water from r e s e r v o i r b a r r e l s , p r o v i d i n g a c o n s t a n t supply of 
water to the seed t r a y s . The water was c a r r i e d by the c a p i l l a r y 
a c t i o n of the sand g r a i n s from the matting to the s o i l , the sand 
a l s o a c t i n g as a r e s e r v o i r f o r the s e e d l i n g r o o t s . During the 
f i n a l growing season a water pipe was l a i d to the tunnel a l l o w i n g 
a s p r i n k l e r system to be used i n c o n j u n c t i o n w i t h a d r i p feed 
supply. 
Mesh c u r t a i n s used i n p l a c e of tunnel doors allowed a f r e e 
c i r c u l a t i o n of the a i r and r e s t r i c t e d the passage of contaminants 
to the t r a y s . However as a p r e c a u t i o n t r a y s of s t e r i l e sand were 
l a i d a t random throughout the t u n n e l to t e s t f o r immigrants. I n 
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t h r e e seasons the only s p e c i e s to germinate i n the t r a y s was 
Senecio v u l g a r i s and a l l r e c o r d s of t h i s s p e c i e s were t h e r e f o r e 
d i s c a r d e d . 
1.4.4 S e e d l i n g i d e n t i f i c a t i o n . 
Each week s e e d l i n g s of s u f f i c i e n t s i z e to be i d e n t i f i e d were 
removed from the seed t r a y s , recorded and d i s c a r d e d . Those 
s e e d l i n g s which could not be i d e n t i f i e d were t r a n s p l a n t e d to pots 
c o n t a i n i n g p o t t i n g compost u n t i l of s u f f i c i e n t s i z e to be 
i d e n t i f i e d . The seed t r a y s were s t i r r e d a f t e r each f l u s h of 
s e e d l i n g s to ensure complete germination. T e s t s with s o i l washed 
a f t e r two s t i r r i n g s showed t h a t 93% of the v i a b l e seeds were 
recorded a t t h a t time. A l l seed t r a y s were s u b j e c t e d to t h r e e 
s t i r r i n g s . 
During the course of the study the temporal development of 
the seed banks of s e v e r a l s p e c i e s were followed i n d e t a i l . T h i s 
i n v o l v e d numerous germinations and i d e n t i f i c a t i o n s , and f o r these 
s p e c i e s s e e d l i n g s were r e g u l a r l y removed, grown on and i d e n t i f i e d 
to ensure t h a t a s i n g l e s p e c i e s was being examined and not a 
mixture of s i m i l a r s e e d l i n g forms. T h i s was p a r t i c u l a r l y 
important f o r Hypericum, where i t was f e l t p o s s i b l e t h a t more 
than one s p e c i e s may have been p r e s e n t . 
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1.5 F l o r i s t i c Composition. 
Table 1 i l l u s t r a t e s the s i t e c h a r a c t e r i s t i c s , number of 
Scunples and f l o r i s t i c composition of a l l s e e d l i n g s germinating 
from the s o i l samples removed during the woodland s t u d i e s . Each 
s p e c i e s i n the seed bank f l o r a i s p l a c e d i n t o a v e g e t a t i o n group 
based on those d e s c r i b e d by Nakagoshi & Suzuki (1977). I n t h i s 
grouping system the s p e c i e s a r e d i v i d e d i n t o seed bank c a t e g o r i e s 
a c cording to the method of a r r i v a l of the seeds a t the sampled 
s i t e . 
Group 1: Seeds deposited by v e g e t a t i o n e s t a b l i s h e d i n the 
ground f l o r a of the sampled s i t e . 
Group 2; Seeds deposited by s p e c i e s absent from the v e g e t a t i o n 
a t the time of sampling, excluded by c l o s u r e of the 
woodland canopy. 
Group 3: Seeds deposited each year from the a i r c u r r e n t s . 
I t i s a l s o p o s s i b l e to d i s t i n g u i s h the groupings .of Brown & 
O o s t e r h u i s (1981), which s e p a r a t e the seed bank s p e c i e s i n t o 
c a t e g o r i e s of shade t o l e r a n c e . I n t h e i r system the group 2 seeds 
d e s c r i b e d above would be s p l i t i n t o s p e c i e s i n t o l e r a n t of shade 
and those t o l e r a n t of some shade, w h i l s t the s p e c i e s p r e s e n t i n 
group 1 would be shade t o l e r a n t s . The d i v i d i n g l i n e s f o r these 
groups are f i n e , and without p h y s i o l o g i c a l measurements of 
t o l e r a n c e , the grouping technique i s s u b j e c t i v e . 
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T a b l e l a The s i t e c h a r a c t e r i s t i c s of the columns of Table lb, 






(y r s ) 
I Warleigh Po i n t 0 coppice 10 2 5 & 20 
I I Wareham wood 0 coppice 50 9 70-220 
I I I Wareham wood DF p l a n t . 10 1 9 
IV Wareham wood DF p l a n t . 10 1 15 
V Gun Oak Wood NS/DF p l a n t . 10 2 28 & 48 
VI Carthmartha SP p l a n t . 30 1 77 
V I I Morewellham J L p l a n t . 47 1 26 
V I I I Blanchdown B p l a n t . 31 1 52 
O - Oak (Quercus spp.) 
DF - Douglas f i r (Pseudotsuga m e n z i e s i i ) 
NS - Norway spruce ( P i c e a a b i e s ) 
SP - S c o t s pine (Pinus s y l v e s t r i s ) 
J l - Japanese l a r c h ( L a r i x l e p t o l e p i s ) 
B - Beech (Fagus S y l v a t i c a ) 
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Table 1 b The s p e c i e s composition of seed banks of the 
sampled woodlands. 
S p e c i e s Coppice P l a n t a t i o n s 
I I I I I I IV V VI V I I V I I I 
1 1 1 
1 1 
1 1 2 1 1 1 
1 1 
1 2 
1 1 1 1 1 1 1 1 
2 1 2 2 2 2 
2 
2 2 
2 2 2 1 2 
2 2 2 2 2 2 
2 2 
2 2/1 1/2 2 2/1 2 












3 3 3 
3 3 3 3 3 3 
B e t u l a pubescens 
H, n o n - s c r i p t a 
L u z u l a s y l v a t i c a 
Teucrium scorodonia 
V i o l a r i v i n i a n a 
Rubus spp. 
A g r o s t i s spp. 
A n a g a l l i s a r v e n s i s 
Cardamine h i r s u t a 
Carex spp. 
D i g i t a l i s purpurea 
Holcus l a n a t u s 
Hypericum pulchrum 
Juncus spp. 
Lotus c o r n i c u l a t u s 
Plantago major 
P o t e n t i l l a s t e r i l i s 
Ranunculus repens 
Rumex a c e t o s e l l a 
Rumex o b t u s i f o l i u s 
Sagina procumbens 
Sarothamnus s c o p a r i u s 
T r i f o l i u m repens 
Ulex europaeus 
Ve r o n i c a o f f i c i n a l i s 
C i r s i u m arvense 
Epilobium spp. 
H. n o n - s c r i p t a = Hyacinthoides n o n ^ s c r i p t a 
All roferencei to Juncus SR^. — J . o c u t l f l o r u * . J .conglomerotus . J . e H u i u s 
Cf lUU • E R . - C.pl lu l i foro 
Agros t is i p p ; - A . c g p i l l o r l s . A.sto lonl fero 
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The s t u d i e s of Roberts & Dawkins (1967) and Rampton & Ching 
(1970) have shown s p e c i e s s p e c i f i c decay r a t e s i n buried seeds. 
I t would t h e r e f o r e be expected t h a t a f t e r c l o s u r e of the woodland 
canopy, each s p e c i e s would disappear from the seed bank a t a 
s p e c i f i c r a t e which might vary according to depth of b u r i a l , s o i l 
moisture content e t c . As the woodland canopies i n c r e a s e i n age 
the changing c o n f i g u r a t i o n of t h e i r seed bank f l o r a s w i l l r e f l e c t 
the s p e c i e s s p e c i f i c decay r a t e s . 
1.5.1 Development of the coppice stand seed bank f l o r a . 
The coppice wood seed f l o r a i s presented i n Table 1 i n 
columns I and I I . 
Two a r e a s of coppice wood were sampled i n order to examine 
the development of the seed bank f l o r a . Warleigh P o i n t c o n s i s t s 
p r i m a r i l y of two stands of coppice c l e a r e d 5 and 20 y e a r s ago. 
Wareham Wood coppice i s composed of a s e r i e s of a d j o i n i n g stands 
of age range 70-220 y e a r s . 'Age' here r e f e r s to the time t h a t has 
e l a p s e d s i n c e the l a s t canopy c l e a r a n c e by c o p p i c i n g . 
A comparison of the f l o r a s i n d i c a t e s t h a t Plantago major, 
Sarothamnus s c o p a r i u s and V e r o n i c a o f f i c i n a l i s , i f present a t the 
o l d e r s i t e o r i g i n a l l y , a l l have seed bank l i f e spans which do not 
extend to 70 y e a r s . I n c o n t r a s t Hypericum pulchrum and D i g i t a l i s 
purpurea were both found i n low d e n s i t i e s i n the o l d e r woodlands. 
Juncus spp. were found w i t h i n the s o i l s of the m a j o r i t y of 
coppice woodlands s t u d i e d , but showed a patchy d i s t r i b u t i o n . 
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Moore and Burr (1948) quote a 50-90 year l i f e span f o r Juncus 
spp. i n moorlands. The patchy d i s t r i b u t i o n of the seeds of these 
s p e c i e s through the time sequence may r e f l e c t the a b i l i t y of t h i s 
genus to s u r v i v e i n the r i d e s of woodlands, o c c a s i o n a l l y 
producing seed which i s d i s t r i b u t e d beneath the canopy. 
Data of t h i s type from seed bank s u r v e y s can be used to 
e s t a b l i s h only t h a t seeds of a p a r t i c u l a r s p e c i e s are long l i v e d , 
not s h o r t l i v e d . T h i s i s due t o two sources of e r r o r s ; f i r s t l y 
the absence of a s p e c i e s from the s o i l of a woodland may be due 
to i t s i n a b i l i t y to c o l o n i s e the s i t e before canopy c l o s u r e , and 
not to death of a l l the propagules. Secondly, given a constant 
s p e c i e s decay r a t e and provided t h a t the t o t a l seed bank l i f e 
span of the sampled s p e c i e s i s not exceeded, two a r e a s whose 
i n i t i a l d e n s i t y of seeds d i f f e r a t canopy c l o s u r e , w i l l e x h i b i t 
a p p a r e n t l y d i f f e r e n t seed bank s u r v i v a l times. The ar e a w i t h the 
lower i n i t i a l seed d e n s i t y w i l l f a l l below a d e t e c t a b l e l e v e l 
before the ar e a of high d e n s i t y . For t h i s reason maximum seed 
bank l i f e spans can only be quoted as the lo n g e s t measured to 
date. When measuring the decay of a seed bank by use of a s e r i e s 
of stands of i n c r e a s i n g age, t h i s l a t t e r source of e r r o r can be 
reduced by measuring mean d e n s i t i e s f o r a group of stands of 
e q u i v a l e n t age. The v a r y i n g time p e r i o d s r e q u i r e d f or the removal 
of seed banks of d i f f e r i n g s t a r t i n g d e n s i t i e s may account f o r the 
temporally d i s c o n t i n u o u s d i s t r i b u t i o n of Juncus spp. 
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Toole (1946), i n d i s c u s s i n g the r e s u l t s of the Duvel b u r i e d 
seed experiment, d e s c r i b e s how the l a r g e r seeded s p e c i e s decay a t 
f a s t e r r a t e s than the s m a l l . The coppice study r e s u l t s f o l l o w 
t h i s p a t t e r n with Plantago major (0.24 mg * * ) , Sarothamnus 
s c o p a r i u s (O.SSmg), and V e r o n i c a o f f i c i n a l i s (O.llmg) absent from 
the o l d e r woodlands. Hypericum pulchrum (O.OSmg), D i g i t a l i s 
purpurea (0.07mg), and Juncus spp. (Juncus e f f u s u s O.Olmg) a l l 
have s m a l l seeds. 
L e a v i t t (1963) has s p e c u l a t e d t h a t s m a l l seeds a r e more 
e a s i l y i n c o r p o r a t e d i n t o the seed bank, being washed down by the 
r a i n , or b u r i e d by the i n f l u e n c e of s o i l d i s t u r b i n g animals. He 
s t a t e s t h a t t h i s may r e s u l t i n g r e a t e r dormancy and l e s s 
p r e d a t i o n producing slower apparent decay r a t e s . I n a d d i t i o n to 
t h i s the experiments of Beal (Toole 1946) have shown that the 
l a r g e r seeded s p e c i e s appear to have p h y s i o l o g i c a l l y s h o r t e r l i f e 
spans. 
Large seeds a r e not absent from the seed bank f l o r a of 
woodlands. The requirement for a s e e d l i n g of s u f f i c i e n t s i z e to 
a l l o w l i t t e r p e n e t r a t i o n and growth beneath the shade of a t r e e 
canopy r e s u l t s i n the m a j o r i t y of shade t o l e r a n t ground f l o r a 
s p e c i e s having l a r g e seeds ( Thompson pe r s comm ) . Examples ar e 
provided by Hyacinthoides n o n - s c r i p t a (6.17mg) and Teucrixam 
scorodonia (0.87mg), both found w i t h i n the coppice wood seed 
banks. Shade t o l e r a n t s p e c i e s a l s o have s h o r t l i f e spans and form 
p a r t of the t r a n s i e n t seed bank group of Thompson & Grime (1979). 
** ( A l l seed weights taken from Grime e t a l . (1981)) 
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other s p e c i e s noted for t h e i r absence from the seed banks of 
woodland s o i l s a r e the dominant t r e e s p e c i e s ( Kellman 1974, 
Whipple 1978 ) . A l l samples removed from the woodlands were 
s e i v e d to e x t r a c t stones and r o o t s and during t h i s process no 
v i a b l e seeds of Quercus spp were recovered. The seeds of B e t u l a 
pubescens, an i n f r e q u e n t canopy s p e c i e s , were p r e s e n t . H i l l & 
Stevens (1981) quote a l i f e span of 2-3 y e a r s f o r t h i s s p e c i e s . 
Kellman (1978) has d i s c u s s e d the p o s s i b i l i t y of l a r g e seeded 
s p e c i e s s u f f e r i n g g r e a t e r r a t e s of p r e d a t i o n due to t h e i r 
i n a b i l i t y t o p e n e t r a t e the s o i l s u r f a c e . E a r l i e r Watt (1919) 
demonstrated t h a t the seeds of Quercus spp are s u b j e c t to heavy 
p r e d a t i o n from Microtus spp. P r e d a t i o n may t h e r e f o r e be a major 
f a c t o r i n removing the seeds of Quercus spp before the sampling 
dates i n w i n t e r . 
A g r o s t i s and Carex s p e c i e s a r e found i n the s o i l s of the 
o l d e r coppice stands w h i l s t absent from the young. Brown and 
O o s t e r h u i s (1981) r e c o r d germination of these genera i n f i v e 
a r e a s of n e g l e c t e d coppice (age 30-40 y r s ) i n North Essex and 
South S u f f o l k . I t i s t h e r e f o r e h i g h l y probable t h a t both ar e 
a p p a r e n t l y absent from the younger stand a r e a s due to sample 
e r r o r and would be r e v e a l e d by a more i n t e n s i v e survey. H i l l and 
Stevens (1981) noted t h a t a f t e r 45 y e a r s w i t h i n the s o i l the 
seeds of A g r o s t i s spp. were found i n low numbers and a l l were 
nonviable. The low d e n s i t y of randomly d i s t r i b u t e d seed found 
w i t h i n the s o i l s of the o l d e r a r e a s of coppice may t h e r e f o r e be 
p r e s e n t due t o animal d i s p e r s a l or the o c c a s i o n a l wind c a r r i e d 
seed. 
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The work of Brown & O o s t e r h u i s (1981) has a l s o shown t h a t 
Sarothamnus s c o p a r i u s , V e r o n i c a o f f i c i n a l i s and Plantago major 
are a l l p r e s e n t i n the s o i l of the 30-40 year o l d d e r e l i c t 
coppice woods they s t u d i e d . The r e s u l t s of the p r e s e n t study 
would p l a c e the seed bank l i f e span of these s p e c i e s i n the 40-70 
year range. 
Rackham (1975) concluded t h a t Juncus spp. and p o s s i b l y 
Centaurium e r y t h r a e a can s u r v i v e the shade phase of the coppice 
c y c l e as seeds i n the s o i l . The r e s u l t s of the study of Brown & 
O o s t e r h u i s (1981) and t h i s survey have shown t h a t many other 
s p e c i e s a s s o c i a t e d w i t h coppice woods can a l s o pass through t h i s 
phase i n the seed bank. The data a l s o show t h a t as the length of 
time between canopy c l e a r a n c e s i n c r e a s e s , fewer s p e c i e s w i l l 
appear from the woodland s o i l , becoming "marginal s p e c i e s " 
( S a l i s b u r y 1924), confined to r i d e s and woodland margins. 
1.5.2 Development of the p l a n t a t i o n seed bank f l o r a . 
The i n f l u e n c e of v e g e t a t i o n h i s t o r y on the seed bank of a 
woodland can be a s s e s s e d from the remaining s i x sample s i t e s i n 
Table l b (columns I I I to V I I I ) . 
Columns I I I through VI a r e examples of p l a n t a t i o n s on s i t e s 
p r e v i o u s l y occupied by a n c i e n t coppice woodlands. The Wareham 
Wood data ( column I I ) provide a measure of the woodland seed 
bank f l o r a t h a t was present before c l e a r f e l l . A f t e r f e l l i n g the 
p l a n t s which ar e found a t the s i t e a r e d e r i v e d from four sources 
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The m a j o r i t y germinate from the p r e v i o u s woodland seed bank 
(Kellman 1974). Others a r r i v e a t the s i t e from the a i r b o r n e seed 
r a i n , by spreading from the r i d e s ( S a l i s b u r y 1924), or by animal 
d i s p e r s a l . Growth of the canopy r e s t r i c t s the c o l o n i s a t i o n time 
to 10-15 y e a r s . 
When an a r e a w i t h i n a mature coppice stand i s f e l l e d t o p l a n t 
softwood, any c o l o n i s a t i o n of the newly opened h a b i t a t i s 
r e s t r i c t e d by i t s degree of i s o l a t i o n . The surrounding mature 
woodland l i m i t s the a v a i l a b i l i t y of new s p e c i e s to the 
r e g e n e r a t i n g v e g e t a t i o n . Consequently any s p e c i e s a r r i v i n g a t the 
s i t e must e i t h e r be c a r r i e d i n a c r o s s the surrounding canopy by 
wind or b i r d d i s p e r s a l , or p e n e t r a t e by animal d i s p e r s a l and 
v e g e t a t i v e growth beneath the canopy. T h i s r e s u l t s i n newly 
formed seed banks of low s p e c i e s d i v e r s i t y , s i m i l a r to those of 
the o r i g i n a l coppice but a t higher d e n s i t i e s due to 
reinforcement. A comparison of the o r i g i n a l coppice seed f l o r a 
(column I I ) , and t h a t of a young p l a n t a t i o n on a s i t e p r e v i o u s l y 
occupied by o l d coppice (column I I I ) r e v e a l s the s i m i l a r i t i e s . 
Hypericum pulchrum and Juncus spp. a r e c l a s s i f i e d as 1/2 
w i t h i n the youngest p l a n t a t i o n f l o r a . The canopy has not 
completely excluded a l l l i g h t from the ground v e g e t a t i o n and 
these s p e c i e s s u r v i v e as mature p l a n t s i n the gaps between t r e e s 
(group 1 ) ; beneath the t r e e s they a r e found only i n the seed bank 
(group 2 ) . The e x c l u s i o n of shade i n t o l e r a n t p l a n t s i n extending 
zones from the base of newly p l a n t e d c o n i f e r s or r e g e n e r a t i n g 
coppice s t o o l s may r e s u l t i n a mosaic of seed d e n s i t y 
d i s t r i b u t i o n w i t h the h i g h e s t d e n s i t i e s a t the c e n t r e of the a r e a 
between the t r u n k s . 
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Canopy c l o s u r e ensures t h a t only Rubus f r u t i c o s u s i s found 
beneath the p l a n t a t i o n canopy as a mature p l a n t ; the shade i s 
such t h a t even Rubus i s reduced to low d e n s i t i e s . A l l other 
s p e c i e s are banished to the seed bank (columns I I I & I V ) . With 
i n c r e a s i n g age and t r e e s i z e , t h i n n i n g management a l t e r s the 
l i g h t l e v e l s a t the s o i l s u r f a c e . The d i s t u r b a n c e caused by the 
opening of the canopy during t h i s p r o c e s s a l l o w s shade i n t o l e r a n t 
p l a n t s to germinate and produce seed u n t i l the canopy r e c l o s e s . 
Hypericum pulchrum, i n column IV, i s t h e r e f o r e placed i n the 2/1 
category s i n c e i t i s a s p e c i e s a b l e t o e x p l o i t t h i s s i t u a t i o n . 
L u z u l a s y l v a t i c a reappears i n the ground v e g e t a t i o n (group 1) of 
thinned stands owing to i t s a b i l i t y t o germinate i n the l i g h t 
gaps and s u r v i v e v e g e t a t i v e l y i n the i n c r e a s e d l i g h t environment. 
H i l l & Stevens (1981) s t u d i e d p l a n t a t i o n s i n North Wales 
which had been e s t a b l i s h e d on s i t e s p r e v i o u s l y occupied by 
d e r e l i c t woodland. T h e i r r e s u l t s show a s i m i l a r f l o r a to t h a t 
found on the T a v i s t o c k Woodland E s t a t e a r e a s , w i t h D i g i t a l i s 
purpurea, B e t u l a pubescens, Rubus f r u t i c o s u s and Hypericum 
pulchrum the main seed bank components. The c o l o n i s i n g a b i l i t y of 
B e t u l a pubescens and seed bank l i f e span of the other s p e c i e s 
enable them to appear i n the ground v e g e t a t i o n a f t e r f i f t y f i v e 
y e a r s of complete canopy. 
I t would appear t h a t given s u f f i c i e n t time to r e p l e n i s h the 
seed bank between c l e a r f e l l and canopy c l o s u r e , these s p e c i e s 
may, with i n v a d e r s from r i d e s such as A g r o s t i s spp, or wind borne 
s p e c i e s (eg. Epilobium spp, C i r s i u m s p p ) , form the ground 
v e g e t a t i o n and seed bank of f u t u r e p l a n t a t i o n s . 
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Columns V I I and V I I I p r e s e n t examples of p l a n t a t i o n s whose 
p a s t v e g e t a t i o n has had a major i n f l u e n c e on the seed bank f l o r a 
p r e s e n t a t the time of sampling. 
Morewellham wood i s p l a n t e d on an a r e a p r e v i o u s l y used f o r the 
production of market garden produce, mainly s t r a w b e r r i e s . The 
seed bank f l o r a can be used as an i n d i c a t o r of the h i s t o r i c a l 
ecology of the woodland, the m a j o r i t y of seed bank s p e c i e s being 
e i t h e r common weed s p e c i e s a s s o c i a t e d w i t h h o r t i c u l t u r a l 
management eg. A n a g a l l i s a r v e n s i s , Rumex spp. and Sagina 
procumbens; or they are s p e c i e s a s s o c i a t e d w i t h abandoned f i e l d 
s u c c e s s i o n to woodland v e g e t a t i o n eg. A g r o s t i s spp. D i g i t a l i s 
purpurea. Hypericxim pulchrum, P o t e n t i l l a e r e c t a , Rubus f r u t i c o s u s 
and L u z u l a s y l v a t i c a . The composition of the seed bank f l o r a 
r e f l e c t s the s u c c e s s i o n f o l l o w i n g abandonment. 
As w i t h the p r e v i o u s columns, i t would be a n t i c i p a t e d t h a t 
w i t h i n c r e a s i n g canopy age, the seed bank d e n s i t y and d i v e r s i t y 
would decrease u n t i l only long l i v e d seed bank s p e c i e s remain. 
Blanchdown wood Beech p l a n t a t i o n p r e s e n t s a s i m i l a r seed 
bank-past management r e l a t i o n s h i p , w i t h a f l o r a r e p r e s e n t i n g a 
p a s t u r a l v e g e t a t i o n h i s t o r y eg. Holcus l a n a t u s , Juncus spp., 
Ranunculus repens and Lotus c o r n i c u l a t u s . T h i s confirms the known 
h i s t o r y of the s i t e which was rough p a s t u r e before a f f o r e s t a t i o n . 
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1.6 The depth d i s t r i b u t i o n of b u r i e d seeds. 
1.6.1 Methods. 
I n order to a s s e s s the depth d i s t r i b u t i o n of seeds w i t h i n the 
woodland s o i l s , two s i t e s were s e l e c t e d which i t was assumed 
would show s i g n i f i c a n t l y d i f f e r e n t seed bank composition and 
s p a t i a l d i s t r i b u t i o n . Nine c o r e s were removed i n a 3 x 3 
contiguous g r i d from both a Japanese l a r c h ( L a r i x l e p t o l e p i s ) , 
p l a n t a t i o n (26yrs old) a t Morewellham, and an undisturbed a r e a of 
oak coppice (Quercus spp) (120-130 y r s o l d ) , i n Wareham wood. 
With i n c r e a s i n g knowledge of the Morewellham s i t e , i t became 
apparent t h a t the samples removed could produce a 
m i s r e p r e s e n t a t i o n of the L a r c h ( L a r i x spp.) p l a n t a t i o n seed 
f l o r a . The s i t e was s i t u a t e d on a s l o p e and four metres beneath a 
r i d e . I t i s p o s s i b l e t h a t t h i s p o s i t i o n s u f f e r e d d i s t u r b a n c e i n 
the form of d e p o s i t i o n of loose s o i l on c r e a t i o n of the r i d e . I n 
order t o t e s t t h i s p o s s i b i l i t y a second s e t of nine c o r e s were 
removed as p a r t of a Morewellham seed bank t r a n s e c t survey, and 
t r e a t e d as depth samples. These were taken 20 metres above the 
r i d e s i t e . A comparison of the data s e t s of the two surveys gave 
an i n d i c a t i o n of-whether d i s t u r b a n c e had taken p l a c e and a 
measure of i t s e f f e c t s on the seed bank. 
Towards the end of the f i r s t sampling season an assay of the 
seed bank of the beech p l a n t a t i o n a t Blanchdown (52 y r s old) was 
undertaken. For t h i s survey f i v e randomly p o s i t i o n e d c o r e s were 
removed and each was t r e a t e d as a depth d i s t r i b u t i o n sample. 
A l l samples were removed using the method d e s c r i b e d i n the 
c o r i n g procedure and were then p l a c e d i n t i g h t f i t t i n g p l a s t i c 
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bags and surrounded by 20cm lengths of h a l f s e c t i o n p l a s t i c d r a i n 
pipe which were taped i n t o p o s i t i o n . These prevented damage to 
the core and mixing of the s o i l l a y e r s . 
I n the l a b o r a t o r y the samples were d i v i d e d i n t o a l i t t e r 
l a y e r and s u c c e s s i v e 2 cm l a y e r s . Each s o i l l a y e r was t r e a t e d 
c h e m i c a l l y and washed i n the seed s e p a r a t o r , as d e s c r i b e d i n the 
methods of sample treatment. The r e s u l t i n g o r g a n i c matter was 
then l a i d i n pots on sand (watered from beneath) i n an unheated 
greenhouse. The l i t t e r l a y e r was passed through a 0.5 cm s e i v e to 
remove the l a r g e r c o n s t i t u e n t s and then p l a c e d on sand w i t h i n the 
greenhouse. 
1.6.2 R e s u l t s and d i s c u s s i o n . 
The r e s u l t s of the study of seed d e n s i t y d i s t r i b u t i o n by 
depth are summarised i n T a b l e s 2,3,4 & 5 and presented i n t o t a l 
i n Appendix 1. 
i ) T o t a l seed d e n s i t y r e s u l t s 
A p r e l i m i n a r y survey shows an approximate c o r r e l a t i o n between 
seed d e n s i t y and canopy age. The o l d e r a r e a s of woodland, Wareham 
wood (120 - 130 y r s ) and Blanchdown (52 y r s ) had lower d e n s i t i e s 
than Morewellham (26 y r s ) . There a r e however c o m p l i c a t i o n s 
a r i s i n g from the d i f f e r e n c e s i n canopy s p e c i e s and pa s t 
management h i s t o r i e s of each a r e a of woodland. I n a d d i t i o n the 
sm a l l number of samples and the r e s t r i c t e d a r e a from which they 
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Table 2 The mean seed depth d i s t r i b u t i o n of the s p e c i e s 
germinating from the s o i l of the Morewellham 1 
samples (Number / m^  ) . 
Woodland age 26 y r s 
Depth l a y e r (cm) 
S p e c i e s 8 10 12 14 16 Tot 
A g r o s t i s spp 





B e t u l a pubescens 
L u z u l a s y l v a t i c a 
Rumex a c e t o s e l l a 
Teucrium scorodonia 
















































































































Table 3 The mean seed depth d i s t r i b u t i o n of the s p e c i e s 
germinating from the s o i l of the Morewellham 2 
samples (Number / m ^  ) . 
Woodland age 26 y r s 
Depth l a y e r (cm) 
S p e c i e s 8 10 12 Tot 
A g r o s t i s spp. 
Juncus spp. 
Cardamine h i r s u t a 
Epilobium spp. 
D i g i t a l i s purpurea 
Hypericum pulchrum 
Ranunculus repens 
Rumex a c e t o s e l l a 
C i r s i u m arvense 
Rubus spp. 
T r i f o l i u m repens 
Sagina procumbens 
Anagallis a r v e n s i s 
L u z u l a s y l v a t i c a 
V i o l a r i v i n i a n a 
Rumex o b t u s i f o l i u s 
Holcus l a n a t u s 
H. n o n - s c r i p t a 

























































































































































T o t a l 254 889 649 545 431 432 273 3475 
H. n o n - s c r i p t a = Hyacinthoides n o n - s c r i p t a 
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Table 4 The mean seed depth d i s t r i b u t i o n of the s p e c i e s 
germinating from the s o i l of the Wareham wood 
samples (Nxamber / ) . 
Woodland age 120 y r s 
Depth l a y e r (cm) 
S p e c i e s 8 10 Tot 
B e t u l a pubescens 




D i g i t a l i s purpurea 
Epilobium spp. 


























































Table 5 The mean seed depth d i s t r i b u t i o n of the s p e c i e s 
germinating from the s o i l of the Blanchdown beech 
wood samples ( Number / m 2 ) 
Woodland age 52 y r s 
Depth l a y e r (cm) 
S p e c i e s 8 10 Tot 
Juncus spp. 
A g r o s t i s spp. 
Lotus c o r n i c u l a t u s 
Rubus spp, 
Epilobium spp. 
D i g i t a l i s purpurea 
T r i f o l i u m repens 
L u z u l a s y l v a t i c a 
Holcus l a n a t u s 
Ranunculus repens 
Rumex a c e t o s e l l a 






















































































were removed, ensures t h a t a comparison of the d e n s i t y i s 
i n a p p r o p r i a t e a t t h i s s t a g e . Density i s t r e a t e d more f u l l y i n a 
l a t e r s e c t i o n . 
F i g u r e 5 i l l u s t r a t e s the depth d i s t r i b u t i o n ( i n 2 cm l a y e r s ) , 
of the t o t a l seed d e n s i t y of a l l s p e c i e s i n each a r e a of 
woodland. As d e s c r i b e d above the g e n e r a l trend i s for a d e c l i n e 
i n t o t a l seed d e n s i t y with canopy age. The p r o f i l e s show t h a t 
t h i s i s brought about by decay a t a l l l e v e l s i n the s o i l . The 
s t u d i e s of Roberts & Dawkins (1967), Rampton and Ching (1970), 
and Toole (1946) have shown t h a t i n d i v i d u a l s p e c i e s decay w i t h i n 
the s o i l a t unique r a t e s , although v a r i a t i o n may be induced by 
d i f f e r i n g environmental c o n d i t i o n s . The d e c l i n e i n t o t a l seed 
d e n s i t y i s t h e r e f o r e a combination of i n d i v i d u a l decay r a t e s and 
w i l l be a l t e r e d by the s p e c i e s composition of the seed bank. 
The seed d i s t r i b u t i o n throughout the four p r o f i l e s i n d i c a t e s 
a c o n c e n t r a t i o n of seeds i n the uppermost l a y e r s of the s o i l . 
L e a v i t t ( 1 9 6 3 ) d e s c r i b e s how the p r o f i l e shape may a r i s e from the 
ease w i t h which seeds p e n e t r a t e the l i t t e r l a y e r , when compared 
to the m i n e r a l s o i l . The l i t t e r l a y e r , being l e s s compact, a l l o w s 
r a i n f a l l to wash seeds to the lower l a y e r s where they are slowed 
by the r e l a t i v e impermeability of the m i n e r a l s o i l . T h i s r e s u l t s 
i n a c o n c e n t r a t i o n of seeds a t the humus-mineral i n t e r f a c e . Below 
t h i s the seed d e n s i t y shows an e x p o n e n t i a l decrease w i t h depth 
( L e a v i t t 1963, Moore & Wein 1977). T h i s would be the s i t u a t i o n 
expected beneath the i d e a l undisturbed woodland. The Morewellham 
surveys show s i m i l a r i t i e s w i t h t h i s d i s t r i b u t i o n , w i t h fewer 
seeds i n the l i t t e r compared to the 2 cm depth and a d e c l i n e 
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F i g u r e 5 . The d i s t r i b u t i o n of t o t a l seed d e n s i t y with depth 
i n the s o i l of woodlands of i n c r e a s i n g age. 
The f i g u r e demonstrates the i n f l u e n c e of s i n g l e 
s p e c i e s dominance on the p r o f i l e shape. 
(a) Morewellham 1 
N' s e e d s / M 
1000 
A g r o s t i s spp, 














5 0 0 
Blanchdown wood 
5 0 0 
1 0 0 0 
A g r o s t i s spp 
1000 _I500 






5 0 0 
[N^ B e t u l a pubescens 
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below t h i s l a y e r . The two p r o f i l e s have s i m i l a r shapes and 
suggest the p o s s i b i l i t y of p r o f i l e form being r e l a t e d to s o i l 
type. T h i s w i l l however be masked by both f l o r a l composition and 
p a s t management d i f f e r e n c e s and would be d i f f i c u l t to q u a n t i f y . 
The o l d e r woodlands e x h i b i t s i m i l a r p r o f i l e s to those of 
Morewellham, although there a r e important d i f f e r e n c e s . Blanchdown 
f o r i n s t a n c e shows an i n c r e a s e from the 1 to 2 cm l a y e r w i t h a 
d e c l i n e below, i f Juncus spp. a r e excluded from the r e s u l t s . The 
Juncus spp. p r o f i l e s h i f t s the modal c l a s s from the 2cm t o the 8 
cm depth by v i r t u e of t h e i r dominant pr o p o r t i o n i n the t o t a l 
d e n s i t y of seed. Presumably the s m a l l s i z e of Juncus spp seed 
a l l o w s them to p e n e t r a t e to depths which l a r g e r seeds cannot. 
The Wareham Wood p r o f i l e i s a l s o dominated by a s i n g l e 
s p e c i e s i n t h i s c ase B e t u l a pubescens. The s h o r t l i v e d seeds of 
t h i s s p e c i e s occur i n l a r g e q u a n t i t i e s i n the l i t t e r l a y e r o f the 
sampled a r e a . T h e i r s h o r t l i f e span (1-2 y e a r s H i l l & Stevens 
1981) r e s t r i c t s the time a v a i l a b l e to p e n e t r a t e to depth w i t h i n 
the s o i l and they are found only a t the s u r f a c e . I n c o n t r a s t the 
t o t a l seed d e n s i t y of the other s p e c i e s has d e c l i n e d to low 
l e v e l s as the woodland canopy ages; t h e i r seeds a r e r e l a t i v e l y 
evenly d i s t r i b u t e d with depth. 
Two f a c t o r s c o n t r i b u t e to the problems of i n t e r p r e t i n g seed 
p r o f i l e s . 
F i r s t , the time a t which seeds were de p o s i t e d . I t i s r a r e l y 
p o s s i b l e to d i s t i n g u i s h between seed d e p o s i t i o n s separated i n 
time. Kellman(1978) a s s o c i a t e s b imodality i n a seed p r o f i l e w i t h 
two s e p a r a t e i n p u t s , but most p r o f i l e s a r e produced by 
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i n t e r m i t t e n t inputs and show no s e p a r a t i o n i n the s o i l . 
Second, the degree to which the o r i g i n a l p r o f i l e has been 
a l t e r e d by the d i s t u r b a n c e of management regimes. For example 
Kellman (1978) and Roberts & Stokes (1966) have shown how seed 
can be incorporated a t depth by a g r i c u l t u r a l management. 
The t o t a l s p e c i e s p r o f i l e i s t h e r e f o r e the r e s u l t of a complex 
of f a c t o r s unique to the p a s t h i s t o r y a woodland; s p e c i e s 
composition of the f l o r a before p l a n t i n g and a f t e r ; the frequency 
of seed d e p o s i t s ; seed s i z e and l o n g e v i t y ; s o i l type and 
compaction; and the d i s t u r b a n c e regime to which i t has been 
s u b j e c t e d . 
Between s i t e comparisons must t h e r e f o r e be t r e a t e d with 
c a u t i o n as w i t h i n s i t e v a r i a t i o n can be g r e a t (as demonstrated by 
Morewellham s i t e s 1 and 2 ) . I n attempting to u n r a v e l the 
v e g e t a t i o n h i s t o r y of an a r e a i n d i v i d u a l r a t h e r than t o t a l 
s p e c i e s d i s t r i b u t i o n s may be of g r e a t e r importance. 
i i ) I n d i v i d u a l s p e c i e s p r o f i l e s . 
I n the d i s c u s s i o n of s p e c i e s composition the seed bank f l o r a 
was d i v i d e d i n t o t h r e e c a t e g o r i e s : 
1. Shade t o l e r a n t s p e c i e s p r e s e n t both i n the v e g e t a t i o n and 
the s o i l a t a s i t e , 
2. Shade i n t o l e r a n t s p e c i e s owing t h e i r presence i n 
the seed bank to the v e g e t a t i o n a t t h a t s i t e before the 
c l o s i n g of the canopy. 
3. Seeds a r r i v i n g by d e p o s i t i o n from a i r c u r r e n t s or animal 
a c t i v i t i e s . 
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I s i t p o s s i b l e to i d e n t i f y these c a t e g o r i e s from an 
examination of t h e i r s o i l seed bank p r o f i l e s ? 
A c h a r a c t e r i s t i c of the seeds of s p e c i e s i n c a t e g o r i e s 1 (and 
o f t e n 3) i s t h e i r s h o r t l i f e span, i n the region of 1-3 y e a r s 
(Thompson & Grime 1979). The seeds of these s p e c i e s should 
t h e r e f o r e be confined to the s u r f a c e l a y e r s of the s o i l , owing to 
the s h o r t time a v a i l a b l e f o r s o i l p e n e t r a t i o n . A l l seeds of 
B e t u l a pubescens germinating from the depth p r o f i l e samples were 
confined to the upper 4cm of the s o i l l a y e r s , i n both the Wareham 
Wood and Morewellham surveys ( F i g u r e 5 ) . Hyacinthoides 
n o n - s c r i p t a and Teucrium scorodonia show s i m i l a r p r o f i l e s . Rubus 
f r u t i c o s u s can a l s o be p l a c e d a t l e a s t p a r t l y i n t h i s category, 
but as w i l l be d i s c u s s e d l a t e r t h e r e may be a case f o r p l a c i n g 
Rubus i n the 1/2 category, 
Epilobium spp. a t Morewellham and Blanchdown, and C i r s i u m 
arvense a t Morewellham 2 ( F i g u r e 6a) a r e category 3 s p e c i e s . 
F i g u r e 6b i l l u s t r a t e s the p r o f i l e of Lotus c o r n i c u l a t u s , a 
category 2 s p e c i e s . No seeds a r e p r e s e n t i n the l i t t e r l a y e r s ; 
the m a j o r i t y a r e found a t the m i n e r a l humus i n t e r f a c e , numbers 
d e c r e a s i n g with i n c r e a s i n g depth i n the s o i l . As d i s c u s s e d 
e a r l i e r seed s i z e w i l l p l a y a major r o l e i n governing the shape 
of the p r o f i l e , s m a l l e r seeds being a b l e to penetrate to g r e a t e r 
depths, A comparison of F i g u r e 6b w i t h F i g u r e 5 c , ( t h e 
d i s t r i b u t i o n of Juncus spp. a t Blanchdown) i l l u s t r a t e s t h i s . High 
d e n s i t i e s o f the s m a l l seeds of Juncus spp. occur a t depth i n the 
p r o f i l e . Seed s i z e may not, however, account f o r a l l such 
d i f f e r e n c e s . The length of time f o r which seed was deposited, and 
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F i g u r e 6. The seed d e n s i t y d i s t r i b u t i o n of two s p e c i e s 
i n the s o i l of surveyed woodlands 
Morewellham 2 
(a) .Nlseeds / M' 









C i r s i u m arvense 
1 0 0 130 
Lotus c o r n i c u l a t u s 
the p e r i o d of time between d e p o s i t i o n and sampling, may have been 
g r e a t e r f o r Juncus spp, a l l o w i n g the seeds to pe n e t r a t e f u r t h e r 
i n t o the s o i l . 
The m a j o r i t y of s p e c i e s found w i t h i n the seed banks f a l l 
i n t o category 2, examples being provided by Hypericum pulchrum. 
D i g i t a l i s purpurea, and Rumex a c e t o s e l l a . Symonides (1978) i n a 
study of E u c a l y p t u s f o r e s t s , s t a t e s t h a t the m a j o r i t y of seeds 
w i t h i n the s o i l were deposited by p a s t v e g e t a t i o n and are found 
i n the deeper l a y e r s of the p r o f i l e , a r e s u l t i n agreement w i t h 
t h i s study. 
F o l l o w i n g canopy c l o s u r e the a c t i o n of the s o i l fauna and 
r a i n f a l l w i l l g r a d u a l l y move seeds of category 2 s p e c i e s to lower 
l a y e r s , the r a t e of movement being governed by seed s i z e and 
shape. At the same time, seeds i n the upper l a y e r s of s o i l may be 
exposed t o g r e a t e r r a t e s o f p r e d a t i o n , premature germination and 
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fungal a t t a c k . With i n c r e a s i n g age, s u r v i v i n g category 2 seeds 
w i l l be confined to the deeper s o i l l a y e r s . F i g u r e 7 i l l u s t r a t e s 
the seed p r o f i l e s of D i g i t a l i s purpurea i n the four woodlands 
sampled f o r depth d i s t r i b u t i o n s . I f i t i s assximed t h a t due to the 
d i s t u r b a n c e caused by the c r e a t i o n of the r i d e , the s o i l of the 
Morewellham 1 a r e a i s r e l a t i v e l y younger than t h a t of Morewellham 
2, the four woodlands provide a sequence of i n c r e a s i n g age. The 
sequence i l l u s t r a t e s a g r e a t e r l o s s of seeds from the upper s o i l 
l a y e r s w i t h p r e s e r v a t i o n only a t depth i n the o l d e r s o i l s . 
i i i ) Morewellham d i s t u r b a n c e p r o f i l e s . 
Morewellham s i t e s 1 and 2 show v a r i a t i o n i n both s p e c i e s 
composition and d e n s i t i e s . A c h a r a c t e r i s t i c of t h i s v a r i a t i o n i s 
t h a t those s p e c i e s which are ab l e to e x p l o i t a d i s t u r b e d s o i l by 
germinating and producing seed i n r e s t r i c t e d l i g h t l e v e l s , show 
an i n c r e a s e d d e n s i t y a t s i t e 1. 
F i g u r e 8 compares the p r o f i l e s o f Hypericum pulchrum and 
A g r o s t i s spp.. A t h i r d example i s provided by D i g i t a l i s purpurea 
( F i g u r e 7 ) . 
I f the d i s t u r b e d s o i l of Morewellham 1 has been s u b j e c t e d to 
a f r e s h seed i n p u t , the i n c r e a s e d seed d e n s i t y should a l s o be 
accompanied by a s h i f t towards the upper l a y e r s of the p r o f i l e . 
A l l t h r e e s p e c i e s i l l u s t r a t e t h i s i n c r e a s e d d e n s i t y i n t h e s e s o i l 
l a y e r s . 
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F i g u r e 7. D i g i t a l i s purpurea depth d i s t r i b u t i o n s beneath 
woodland canopies of i n c r e a s i n g age s i n c e 
l a s t c l e a r a n c e . 
Morewellham 1 ( < 26 y r s ) 









Morewellham 2 ( 26 y r s ) 
0) 
Q 
Q 2.0 40 ( 
4.0 9 2.0 6.0 
Blanchdown ( 52 y r s ) 
Wareham Wood ( « 200 y r s ) 
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Juncus spp. a l s o show an i n c r e a s e i n the seed d e n s i t y of the 
l i t t e r l a y e r a t s i t e 1 ( F i g u r e 9 a ) . T h i s would be a n t i c i p a t e d a s 
Juncus spp. a r e found w i t h i n the woodland r i d e s , and are a b l e to 
c o l o n i s e d i s t u r b e d a r e a s by d i s t r i b u t i o n of seeds from t h i s s i t e . 
F i g u r e 9a i l l u s t r a t e s t h a t owing to the h o r i z o n t a l heterogeneity 
of the seed bank, the r e l a t i v e l y s m a l l sample s i z e of the depth 
p r o f i l e study does not a l l o w us to compare seed d e n s i t i e s , only 
t h e i r depth d i s t r i b u t i o n s . 
S p e c i e s apparently unable to e x p l o i t a d i s t u r b e d h a b i t a t i n 
low l i g h t l e v e l s do not show a d e n s i t y i n c r e a s e when comparing 
the two a r e a s . F i g u r e 9b i l l u s t r a t e s how the p r o f i l e of Rumex 
a c e t o s e l l a changes. T h i s could be due to i n a b i l i t y to germinate 
i n the gap environment of the d i s t u r b e d a r e a , or the s p e c i e s may 
be a b l e to germinate, but s e e d l i n g s u r v i v a l and/or the growth 
r a t e may be i n s u f f i c i e n t to enable seed p r o d u c t i o n . C e r t a i n l y 
many of the h i g h l y shade t o l e r a n t s p e c i e s a s s o c i a t e d with the 
r e l i c s t r a w b e r r y f i e l d seed bank, (eg T r i f o l i u m repens. 
Ranunculus repens, Sagina procumbens and A n a g a l l i s a r v e n s i s ) a r e 
absent from the s o i l of a r e a 1. 
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F i g u r e 8, The depth d i s t r i b u t i o n of two s p e c i e s i n an 
undisturbed (Morewellhan 2) and a d i s t u r b e d 
(Morwellhan 1) a r e a of a woodland. 
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F i g u r e 9. The depth d i s t r i b u t i o n of two s p e c i e s i n an 
undisturbed (Morewellhan 2) and a r e c e n t l y 
d i s t u r b e d (Morwellhan 1) a r e a of a woodland 









































1.7 H o r i z o n t a l d i s t r i b u t i o n s u r v e y s . 
1.7.1 Methods. 
Four woodlands were s e l e c t e d f or assessment of the h o r i z o n t a l 
d i s t r i b u t i o n of the seed bank. Two were known t o have been 
pla n t e d on p r e v i o u s l y u n f c r e s t e d land. 
a) I n Morewellham Wood 
A p l a n t a t i o n of Japanese l a r c h ( L a r i x l e p t o l e p i s ) , planted i n 
1957 on a s i t e p r e v i o u s l y used f o r the c u l t i v a t i o n of 
s t r a w b e r r i e s . 
b) I n Blanchdown Wood 
A p l a n t a t i o n of beech (Fagus s y l v a t i c a ) , p l a n t e d i n 1913 on a 
s i t e p r e v i o u s l y used f o r both copper mining and l a t e r sheep 
p a s t u r e . 
Two a d d i t i o n a l s i t e s were a l s o s e l e c t e d , both of which had a 
long h i s t o r y as woodland. 
c) I n Carthamartha Wood 
A p l a n t a t i o n of a mixture of Sc o t s pine (Pinus s y l v e s t r i s ) , 
and Douglas f i r (Pseudotsuga m e n z i e s i i ) , d a t i n g from 1906, which 
had been s u b j e c t e d to the normal t h i n n i n g regimes. P r e v i o u s l y the 
s i t e was occupied by an oak (Quercus spp.) coppice wood. 
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d) I n Wareham Wood 
A d e r e l i c t Oak coppice (Quercus s p p . ) , stand undergoing s e l f 
t h i n n i n g . Using the techniques d e s c r i b e d l a t e r the stand was 
dated to approximately 1860, i e the approximate date of l a s t 
c o p p i c i n g . 
S o i l samples were removed from each of the four woodlands i n 
a contiguous t r a n s e c t of c o r e s (Morewellham 39 c o r e s , Blanchdown 
31 c o r e s , Carthmartha 44 c o r e s , Wareham wood 60 c o r e s ) . A g r e a t e r 
number were taken from the woodlands wi t h the o l d e s t canopies, 
where i t was assumed the lowest d e n s i t y of seeds would be found. 
Cores from the Morewellham and Blanchdown s o i l s were d i v i d e d 
i n t o 0-5 and 6-10 cm samples, s i e v e d and pl a c e d i n se p a r a t e seed 
t r a y s . Each core from the other woodlands was s i e v e d as a s i n g l e 
u n i t , d i v i d e d i n t o two equal p o r t i o n s and p l a c e d i n se p a r a t e seed 
t r a y s i n the polythene t u n n e l . 
Owing to the use of the f i r s t nine c o r e s of the Morewellham 
t r a n s e c t i n the repeated depth p r o f i l e survey ( see page 34 ) , 
they were placed i n an unheated greenhouse a f t e r treatment i n the 
s o i l washing apparatus. T e s t s of t h i s apparatus showed no 
s i g n i f i c a n t d i f f e r e n c e between the samples t r e a t e d i n t h i s way 
when compared t o those l a i d i n the polythene tunnel without 
treatment. 
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1.7.2 R e s u l t s & D i s c u s s i o n 
i ) The d i s t r i b u t i o n of t o t a l seed d e n s i t i e s . 
F i g u r e s 10 and 11 i l l u s t r a t e the r e s u l t s of the h o r i z o n t a l 
d i s t r i b u t i o n s u r v e y s . 
A l l four of the woodland a r e a s s t u d i e d r e v e a l contagion 
( v a r i a n c e to mean r a t i o of g r e a t e r than u n i t y ) a t the sample s i z e 
used i n t h i s survey programme. As would be expected, c o n s i d e r i n g 
the d i f f e r e n t h i s t o r i e s and compositions of the stand canopies, 
t h e r e i s no c o r r e l a t i o n between e i t h e r depth of b u r i a l of the 
seeds or stand age, and the degree of contagion measured. Cores 
w i t h high seed d e n s t i e s tend to occur together, perhaps 
i n d i c a t i n g t h a t contagion i s caused by f a c t o r s such as l o c a l 
topography ( d e p r e s s i o n s e t c . ) , which i n f l u e n c e the c o l l e c t i o n or 
i n c o r p o r a t i o n of seeds. I n those woodlands where the samples were 
d i v i d e d i n t o two depths ( f i g u r e 1 0 ) , t h e r e i s no c o r r e l a t i o n 




F i g u r e 10, The h o r i z o n t a l d i s t r i b u t i o n of t o t a l s p e c i e s d e n s i t y 
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F i g u r e 11. The h o r i z o n t a l d i s t r i b u t i o n of t o t a l s p e c i e s d e n s i t y 
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D i s t a n c e (M) 
Kellman(1978) examined the h o r i z o n t a l and v e r t i c a l 
d i s t r i b u t i o n of seeds i n the seed banks of a t r o p i c a l crop f i e l d 
and p a s t u r e . By comparing the r e l a t i o n s h i p of t o t a l d e n s i t y i n 
the 0-5 and 5-10 cm l a y e r s along a t r a n s e c t , he found t h a t the 
seeds i n the upper l a y e r of s o i l e x h i b i t e d g r e a t e r contagion . I n 
order to e x p l a i n t h i s r e s u l t he s t a t e d t h a t 
" d e c r e a s i n g d e p l e t i o n r a t e (of i n d i v i d u a l s p e c i e s 
seed d e n s i t y ) w i t h depth should produce seed 
p o p u l a t i o n s whose modal age i n c r e a s e s w i t h depth. 
Under constant d e p l e t i o n r a t e s a b s o l u t e s p a t i a l 
h e t e r o g e n e i t i e s i n the seed d i s t r i b u t i o n w i l l 
d e c r ease i n o l d e r p o p u l a t i o n s " . 
The r e s u l t s of the pr e s e n t study a r e not c o n s i s t e n t w i t h 
those of Kellman(1978). Although Blanchdown e x h i b i t s l e s s 
contagion i n the lower s o i l l a y e r s , the d i f f e r e n c e i n v a r i a n c e to 
mean r a t i o s i s s l i g h t (0-5cm 4.35, 5-lOcm 3.64). The data f o r 
Morewellham r e v e a l the opposite r e s u l t w i t h v a r i a n c e to mean 
r a t i o g r e a t e s t i n the lower s o i l l a y e r s (0-5cm 7.41, 5-lOcm 
9.3) . 
The development of contagion a t depth i n a seed bank i s not 
dependent only on the r a t e of decay of i t s c o n s t i t u e n t s . I t w i l l 
a l s o be a f f e c t e d by the a b i l i t y o f i n d i v i d u a l s p e c i e s seeds to 
pe n e t r a t e the s o i l l a y e r s (dependent on seed s i z e and shape), and 
on the maximum l o n g e v i t y of the seed; s h o r t l i v e d seeds may not 
have s u f f i c i e n t time to p e n e t r a t e to depth and w i l l be confined 
to the upper l a y e r s . 
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The p e r i o d of time between the e s t a b l i s h m e n t of the seed bank 
and the removal of samples i s a l s o c r i t i c a l . Kellman's samples 
were removed from v e g e t a t i o n which had been s u b j e c t e d to 
c o n s i s t e n t management for a minimum of e i g h t y e a r s . The seed bank 
input and decay r a t e can perhaps t h e r e f o r e be assumed to have 
been i n a r e l a t i v e l y s t a b l e e q u i l i b r i u m . I n c o n t r a s t the seed 
bank of the Morewellham woodland s t u d i e d has undergone major 
changes, s i n c e i t has no seed input a t p r e s e n t , but i s d e r i v e d 
from the s u c c e s s i o n which took p l a c e a f t e r abandonment. The 
m a j o r i t y of s p e c i e s have t h e r e f o r e not y e t penetrated to any 
g r e a t depth and a r e found only i n the 0-5cm l a y e r s . With time 
seeds w i l l g r a d u a l l y move down the p r o f i l e and a l t e r the 
contagion measured i n the p r o f i l e d i s t r i b u t i o n s , the r a t e of 
change being dependent on the s o i l s t r u c t u r e i n the t r a n s e c t 
a r e a . Kellman(1978) has r e v e a l e d t h a t contagion may d i f f e r with 
depth of b u r i a l , but the s i t u a t i o n i s more complex than the 
e x p l a n a t i o n he p r e s e n t s . 
I n agreement wi t h the depth p r o f i l e r e s u l t s , the youngest 
woodland (Morewellham) had the g r e a t e s t seed d e n s i t y , with a 
d e c l i n e as the woodlands i n c r e a s e i n age. T h i s i s a development 
p r e v i o u s l y noted by C o s t i n g & Humphries (1940), L i v i n g s t o n e & 
A l l e s s i o (1968), and H i l l & Stevens (1981). The c o m p l i c a t i o n s 
a r i s i n g from the t h i n n i n g regime to which Carthamartha has been 
s u b j e c t e d w i l l be d i s c u s s e d l a t e r . 
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Assays of d i s t r i b u t i o n s of t o t a l seed d e n s i t i e s are of 
l i m i t e d v alue i n the study of a seed bank, although they can 
provide i n d i c a t i o n s of trends w i t h i n the s o i l d i s t r i b u t i o n . For 
i n s t a n c e the seed bank d e n s i t y of the f i r s t twelve cores of the 
Morewellham t r a n s e c t i s s i g n i f i c a n t l y g r e a t e r than the remaining 
twenty seven. T h i s seems to i n d i c a t e r e c e n t d i s t u r b a n c e , a t or 
near to t h i s end of the t r a n s e c t . However, i n order to 
i n v e s t i g a t e these t r e n d s , and the reasons f o r them, the 
d i s t r i b u t i o n s of i n d i v i d u a l s p e c i e s must be examined. 
i i ) The d i s t r i b u t i o n of i n d i v i d u a l s p e c i e s seed d e n s i t i e s . 
Appendices 2 - 5 c o n t a i n the d e n s i t y of i n d i v i d u a l s p e c i e s 
germinating from each core removed i n the woodland t r a n s e c t 
sampling programme. 
a) The Morewellham Wood t r a n s e c t . 
The r e s u l t s of the t o t a l seed d e n s i t y t r a n s e c t r e v e a l e d an 
apparent d i f f e r e n c e between the d e n s i t y of the i n i t i a l twelve 
c o r e s and the r e s t of the samples. E a r l i e r i t was noted t h a t 
c o r e s 1-9 were t r e a t e d i n a c o l d greenhouse a f t e r e x t r a c t i n g the 
o r g a n i c matter and seeds from the s o i l . T e s t s have shown no 
s i g n i f i c a n t e f f e c t of t h i s treatment on seed recovery, so the 
p o s s i b i l i t y of the d i f f e r e n c e being caused by the sample 
treatment can be excluded; the i n c r e a s e d d e n s i t y i s a l s o seen to 
extend beyond the n i n t h core i n t o c o r e s t r e a t e d i n the polythene 
t u n n e l . 
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Examination of i n d i v i d u a l s p e c i e s d i s t r i b u t i o n s f o r the same 
a r e a , r e v e a l s t h a t c e r t a i n s p e c i e s (eg Cardamine h i r s u t a , Juncus 
spp., and Epilobium spp. F i g u r e s 1 2 ( i ) a, b & c) e x h i b i t 
i n c r e a s e s i n seed d e n s i t y a t t h i s end of the t r a n s e c t , w h i l e 
o t h e r s do not (eg A g r o s t i s spp., Ranunculus repens and T r i f o l i u m 
repens F i g u r e s 1 2 ( i ) d and 1 2 ( i i ) a & b ) . 
S p e c i e s which r e v e a l an i n c r e a s e d seed d e n s i t y a t the s t a r t 
of the t r a n s e c t seem to be those which can e x p l o i t d i s t u r b a n c e 
which has c r e a t e d a gap i n the woodland canopy, eg t h i n n i n g . 
These i n c l u d e four s p e c i e s which were apparently a b l e to e x p l o i t 
the d i s t u r b a n c e of Morewellham area 1, d e s c r i b e d i n the depth 
p r o f i l e survey i e . Juncus spp., Epilobium spp., D i g i t a l i s 
purpurea and Hypericum pulchrum, w i t h the a d d i t i o n of Cardamine 
h i r s u t a . The s p e c i e s showing no response are perhaps r e s t r i c t e d 
by the l i g h t environment of s m a l l gaps i n the canopy. 
An examination of the s i t e a t t h i s end of the t r a n s e c t , a f t e r 
the sample r e s u l t s were known, r e v e a l e d d i s t u r b a n c e caused by an 
e x t r a c t i o n rack s i t u a t e d s e v e r a l metres from the f i r s t c o r i n g 
p o s i t i o n . T h i s management technique i n v o l v e s the removal of a 
l i n e of t r e e s to enable the withdrawl of timber c u t during 
t h i n n i n g of the stand. The l i n e , now overgrown by Rubus 
f r u t i c o s u s , runs a t r i g h t a n g l e s to the t r a n s e c t and two metres 
from the beginning. T h i s would provide s u f f i c i e n t d i s t u r b a n c e to 
e x p l a i n the changes i n seed bank d e n s i t y found i n the t r a n s e c t . 
The d i s t a n c e between the rack and f i r s t c o r i n g p o s i t i o n may 
account f o r the d e c l i n e from the f i r s t c o r i n g p o s i t i o n . The seed 
produced would be d i s t r i b u t e d from the d i s t u r b e d a r e a and 
decrease i n d e n s i t y i n the d i r e c t i o n of the t r a n s e c t . 
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F i g u r e 12 ( i ) The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s f o r the Morewellham 
Wood t r a n s e c t . 









b) Juncus spp 










d) A g r o s t i s spp, 
D i s t a n c e ( M ) 
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F i g u r e 12 (ii) The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s f o r the Morewellham 
Wood t r a n s e c t . 
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F i g u r e 12 Gii) The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s f or the Morewellham 
Wood t r a n s e c t . 
a) Hypericum pulchrum 
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D i s t a n c e ( M ) 
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b) The Blanchdown t r a n s e c t r e s u l t s . 
F i g u r e 13 i l l u s t r a t e s the d i s t r i b u t i o n p a t t e r n s of the f i v e 
most abundant s p e c i e s i n the t r a n s e c t s . Appendix 3 l i s t s a l l the 
germinations. 
A comparison of these r e s u l t s w i t h those of the depth survey 
(page 39 ) r e v e a l s one of the problems a s s o c i a t e d w i t h seed bank 
sampling. Two s p e c i e s . D i g i t a l i s purpurea and Rumex a c e t o s e l l a , 
occur w i t h i n the depth samples but a r e absent from the t r a n s e c t 
r e s u l t s . S i m i l a r l y Lotus c o r n i c u l a t u s shows a h i g h l y contagious 
d i s t r i b u t i o n i n the random depth sampling but not i n the 
t r a n s e c t , w h i l s t Juncus spp. e x h i b i t l e s s contagion i n the 
r e s u l t s from the t r a n s e c t s u r v e y . These ar e the i n e v i t a b l e 
consequences of sampling an a p p a r e n t l y h i g h l y heterogeneous seed 
bank wi t h a r e l a t i v e l y s m a l l number of s o i l c o r e s . 
Blanchdown was a pasture before p l a n t i n g of the t r e e s and the 
seed c o n c e n t r a t i o n s may t h e r e f o r e be due to c o l l e c t i o n i n animal 
droppings ( Dore & Raymond 1942 ) . T h i s would produce clumping of 
the seeds of a v a r i e t y of s p e c i e s i n a s m a l l a r e a , as seems to be 
the case near the beginning of the t r a n s e c t . 
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F i g u r e 13 The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s f o r the Blanchdown 
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c) The Carthamartha t r a n s e c t r e s u l t s 
The f i v e most abundant s p e c i e s found i n the s o i l of the 
Carthamartha t r a n s e c t a r e i l l u s t r a t e d i n F i g u r e 14. A r e s u l t 
which stands out from t h i s survey i s the f a c t t h a t Hypericum 
pulchrum i s present i n higher d e n s i t i e s than would be expected i n 
the s o i l of coppice woodlands of s i m i l a r age. The d e n s i t y of 965 
seeds/m^ compares with a measure of 157 seeds/m^ f o r a stand of 
coppice of e q u i v a l e n t age i n the same a r e a . Both woodlands have 
had management h i s t o r i e s which c o n s i s t of r e g u l a r coppice c y c l e s 
up u n t i l the date of p l a n t i n g or abandonment. I t would t h e r e f o r e 
be expected t h a t under a c l o s e d canopy, w i t h s i m i l a r s o i l t y pes, 
the seed banks decay r a t e s would be comparable. 
An e x p l a n a t i o n of the d i f f e r e n c e s may l i e i n the younger 
p l a n t a t i o n s surrounding the sampled stand, which were thinned i n 
the p r e v i o u s y e a r . The removal of the c u t t r e e s d i s t u r b s the s o i l 
and p r o v i d e s a s u i t a b l e l i g h t gap f o r Hypericum pulchrum to 
germinate and produce seed, thus r e i n f o r c i n g the seed bank of the 
p l a n t a t i o n s managed i n t h i s way. I n many younger p l a n t a t i o n s 
Hypericum pulchrum can be found s u r v i v i n g u n t i l the canopy has 
regrown to c l o s e the gap. 
A g r o s t i s spp., Carex spp., Rubus f r u t i c o s u s and L u z u l a 
s y l v a t i c a a l s o show i n c r e a s e s . i n seed d e n s i t y when the s o i l of 
t h i s stand i s compared to t h a t of younger p l a n t a t i o n s . T h i s may 
a l s o be due to the e f f e c t of t h i n n i n g which a l l o w s c o l o n i s a t i o n 
of the stand by p a r t i a l l y shade t o l e r a n t s p e c i e s from the 
r e s e r v o i r s c r e a t e d by r i d e s . These s p e c i e s can then s u r v i v e i n 
the i n c r e a s e d l i g h t environment of the o l d e r thinned s t a n d s . ( H i l l 
& Stevens 1981). 
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F i g u r e 14 The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s f o r the Carthamartha 
Wood t r a n s e c t . 
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CL4 c) A g r o s t i s spp, 
I n r r ^ . l b 
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P r n I r-i 1-1 
d) L u z u l a s y l v a t i c a 
Tflrh n 
e) Carex spp 
^ r-n n ri-n n r r h - . 
D i s t a n c e ( M ) 
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d) Wareham Wood t r a n s e c t r e s u l t s . 
Appendix 5 p r e s e n t s the r e s u l t s f o r the t r a n s e c t of s o i l 
c o r e s removed from an ar e a of the d e r e l i c t coppice i n Wareham 
Wood. The two most abundant s p e c i e s , Hypericum pulchrum and Rubus 
f r u t i c o s u s , are i l l u s t r a t e d i n F i g u r e 15. 
As w i t h the depth d i s t r i b u t i o n samples f o r o l d coppice woods, 
the number of s p e c i e s i n the s o i l i s low. With a canopy c l o s e d 
f o r 120 y e a r s and l i t t l e s i g n i f i c a n t d i s t u r b a n c e of the t r a n s e c t 
s o i l t h e r e a r e few seeds remaining. Hypericum pulchrum, the most 
abundant of the s p e c i e s , shows.a contagious d i s t r i b u t i o n a t low 
d e n s i t y , while B e t u l a pubescens and Epilobium spp. both occur a t 
random along the t r a n s e c t , as would be expected from wind 
d i s p e r s e d s p e c i e s which a r e absent from the v e g e t a t i o n . A g r o s t i s 
spp. does show c o n c e n t r a t i o n i n a s i n g l e core, but whether t h i s 
i s a remnant from p a s t v e g e t a t i o n or d e p o s i t i o n i n an animal 
dropping ( p o s s i b l y a b i r d ) i s im p o s s i b l e to d e t e c t . 
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F i g u r e 15. The h o r i z o n t a l d i s t r i b u t i o n of i n d i v i d u a l s p e c i e s d e n s i t y 
measured i n the Wareham Wood seed bank t r a n s e c t . 
a) Hypericum pulchrum 
>4 
•H to c Q) TJ 
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i i i ) E x t r a p o l a t i o n to a d d i t i o n a l s u r v e y s . 
The m a j o r i t y of i n d i v i d u a l s p e c i e s d i s t r i b u t i o n s r e v e a l 
contagion ( v a r i a n c e to mean r a t i o of g r e a t e r than u n i t y ) which 
must be taken i n t o c o n s i d e r a t i o n when d e v i s i n g a sampling regime 
to i n v e s t i g a t e any p a r t i c u l a r s p e c i e s . 
The number of sampling u n i t s which are r e q u i r e d to d e r i v e an 
es t i m a t e of the mean seed d e n s i t y t o w i t h i n a standard e r r o r of 
20% of the population mean for a sampled s p e c i e s i s c a l c u l a t e d 
from 
N = 25s2 E l l i o t (1977) 
Where 
N - sample number to produce a r e s u l t to w i t h i n the 
given accuracy, 
s^ - the v a r i a n c e d e r i v e d f o r t h a t s p e c i e s from any 
p r e v i o u s sampling regime. 
X - the mean of the pr e v i o u s survey r e s u l t s . 
For the four woodlands sampled Table 6 l i s t s the canopy age 
and the c a l c u l a t e d number of samples, of equal s i z e t o those of 
the i n i t i a l s u r v e y s , r e q u i r e d to produce an a c c u r a t e measure of 
seed d e n s i t y f o r each s p e c i e s . Comparisons o f these sample 
f r e q u e n c i e s r e v e a l t h a t , as would be a n t i c i p a t e d from the 
s t r u c t u r e of E l l i o t ' s formula, the s p e c i e s w i t h lowest d e n s i t y 
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Table 6 The number of 78.5 cm^ samples c o r e s which 
would be r e q u i r e d t o produce an e s t i m a t e of 
mean seed d e n s i t y w i t h a standard e r r o r of 20% of 
the population mean f o r a l l s p e c i e s germinating 
i n four woodlands. 
Woodland Morewellham Blanchdown Carthamartha Wareham 










S p e c i e s Sample frequency 
A g r o s t i s spp. 
Ranunculus repens 
T r i f o l i u m repens 
Juncus spp. 
Rubus f r u t i c o s u s 
L u z u l a s y l v a t i c a 
D i g i t a l i s purpurea 
Epilobium spp. 
Hypericum pulchrum 
Rumex a c e t o s e l l a 
C i r s i u m arvense 
A n a g a l l i s a r v e n s i s 
Cardamine h i r s u t a 
Sagina procumbens 
Holcus l a n a t u s 



































and the g r e a t e s t degree of contagion i n the seed bank (measured 
by the v a r i a n c e to mean r a t i o ) , r e q u i r e the g r e a t e s t number of 
samples to be taken. The h i g h e s t (and c l e a r l y q u i t e u n r e a l i s t i c ) 
number i s t h a t f o r A g r o s t i s spp, which r e q u i r e s 708 c o r e s t o be 
removed from Wareham Wood. 
Whipple (1978) has d i s c u s s e d the problems a s s o c i a t e d w i t h 
e s t i m a t i n g the seed bank d e n s i t i e s of a complete woodland from 
s m a l l sample a r e a s . He s t a t e s t h a t as a r e s u l t of these 
d i f f i c u l t i e s the r e l i a b i l i t y of comparisons of measured d e n s i t y 
between se p a r a t e a r e a s or d i f f e r i n g ages i s d o u b t f u l . As Roberts 
(1981) has pointed out t h i s can be overcome by use of e r r o r 
a n a l y s i s , demonstrated by Champness (1949) and E l l i o t (1977). 
Moore and Wein (1977) s t a t e t h a t comparisons of woodland seed 
bank d e n s i t i e s a r e hampered by a l a c k of p u b l i s h e d data which 
i n c l u d e i n d i v i d u a l core v a r i a n c e and would a l l o w e r r o r a n a l y s i s . 
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1.8 Changes i n seed bank d e n s i t y w i t h time, 
1.8.1 I n t r o d u c t i o n and Methods. 
Measurement of the d e c l i n e of seed d e n s i t y w i t h age, w i t h i n 
the s o i l s of a s i n g l e woodland, r e q u i r e s the r e g u l a r removal of 
samples during a s e t time p e r i o d . C l e a r l y t h i s i s impossible f o r 
the study of a seed bank over the two hundred y e a r p e r i o d which 
i s r e p r e s ented by the stands of the T a v i s t o c k Woodland E s t a t e . 
The c l o s e s t approximation t h a t can be achieved i s the sampling of 
a s e r i e s of woodland a r e a s of v a r y i n g age. C o s t i n g & Humphries 
(1940) and L i v i n g s t o n e & A l l e s s i o (1968) have used t h i s method i n 
attempting to f o l l o w the development of seed bank f l o r a s during 
woodland s u c c e s s i o n . 
When us i n g t h i s technique i t i s n e c e s s a r y to s e l e c t a r e a s 
which, a p a r t from t h e i r canopy c l o s u r e date, have s i m i l a r 
v e g e t a t i o n h i s t o r i e s . T h i s ensures, to the l i m i t e d extent t h a t i t 
can be ensured, t h a t the i n i t i a l seed banks were of s i m i l a r 
composition and d e n s i t y . I f i t i s f u r t h e r assumed t h a t the 
environmental c o n d i t i o n s before the c l o s i n g of the canopy o f each 
woodland were s i m i l a r , then the sample s e r i e s w i l l provide an 
e s t i m a t e o f the changes t a k i n g p l a c e beneath a s i n g l e a r e a o f 
ageing canopy. 
Moore & Wein (1977) have demonstrated t h a t the s p e c i e s 
composition of the canopy w i l l i n f l u e n c e woodland ground 
v e g e t a t i o n and t h e r e f o r e seed bank composition and d e n s i t y . They 
c i t e C o s t i n g & Humphries (1940) and L i v i n g s t o n e & A l l e s s i o (1968) 
a s examples of s t u d i e s which cannot be used to q u a n t i f y seed bank 
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development owing to d i f f e r e n c e s i n the canopy s p e c i e s of the 
sampled a r e a s . The stands of a woodland s e l e c t e d f o r study must 
t h e r e f o r e be of s p e c i e s which c r e a t e s i m i l a r c o n d i t i o n s beneath 
the canopy. T h i s c o n s t r a i n t r e s t r i c t e d the number of p l a n t a t i o n s 
w i t h i n the T a v i s t o c k Woodland E s t a t e which could be used i n a 
q u a n t i t a t i v e survey of seed bank development. 
I n an e x p l o r a t o r y survey 10 randomly s i t e d s o i l c o r e s were 
removed from f i v e p l a n t a t i o n s , a l l e s t a b l i s h e d on s i t e s 
p r e v i o u s l y occupied by a n c i e n t coppice ( >100 y r s ) . The age range 
of these p l a n t a t i o n s extended from 9 .to .77 y e a r s and a l l 
were l o c a t e d i n the upper Tamar woodlands. 
Seven coppice a r e a s whose approximate ages had been 
c a l c u l a t e d u s i n g the c a l i b r a t i o n r e g r e s s i o n of s e c t i o n 2 . 5 . 1 ( i x ) 
were a l s o sampled. To these were added both the depth and 
t r a n s e c t survey r e s u l t s from the coppice a r e a s . Owing to the 
absence of younger coppice stands ( <30 y e a r s ) i n the upper 
Tamar woodlands, samples were a l s o removed from two a r e a s of 5 
and 20 y r coppice i n the Warleigh P o i n t nature r e s e r v e , a 
r e g u l a r l y c l e a r e d oak coppice ( Quercus spp. ) woodland s i t u a t e d 
a t the confluence of the Tavy and Tamar (see s i t e d e s c r i p t i o n s ) . 
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1.8.2 Development of t o t a l seed d e n s i t y 
T a b l e s 7 and 8 l i s t the measured d e n s i t i e s of b u r i e d seeds of 
both i n d i v i d u a l s p e c i e s and t o t a l s from the sampled coppice and 
p l a n t a t i o n woodlands. Within the l i m i t s of the assumptions 
d e s c r i b e d i n the methodology, the s e r i e s can be used as an 
approximation of the developments t a k i n g p l a c e i n a s i n g l e a r e a 
of woodland as the canopy i n c r e a s e s i n age. F i g u r e 16 i l l u s t r a t e s 
the development of t o t a l seed d e n s i t y measured i n the coppice 
woods over a 5 to 200 year range of stand ages. 
I t has been demonstrated e a r l i e r i n both the f l o r i s t i c 
composition and depth d i s t r i b u t i o n s t u d i e s , t h a t as the woodland 
s o i l ages, the removal by decay of the s h o r t l i v e d seeds produces 
a change i n the s p e c i e s composition of the seed bank. T h i s 
r e s u l t s i n a gradual i n c r e a s e i n the percentage composition of 
the remaining long l i v e d s p e c i e s , and a consequent r e d u c t i o n i n 
the o v e r a l l decay r a t e . 
Roberts & Dawkins (1967) and Rampton & Ching (1970) have 
demonstrated how each c o n s t i t u e n t s p e c i e s i n the seed bank shows 
an e x p o n e n t i a l decrease i n seed d e n s i t y w i t h time. T h e i r r e s u l t s , 
which were e s t a b l i s h e d by b u r i a l of seeds a t s p e c i f i c depths i n 
c u l t i v a t e d s o i l , can be a p p l i e d to a f i e l d s i t u a t i o n i f t r e a t e d 
w i t h c a u t i o n . A simple s i m u l a t i o n program can be c o n s t r u c t e d to 
show t h a t a seed bank composed of s e v e r a l s p e c i e s , each of which 
e x h i b i t s a unique average e x p o n e n t i a l decay r a t e w i l l , when t o t a l 
seed bank d e n s i t y i s p l o t t e d on a log s c a l e a g a i n s t time, 
demonstrate a c u r v i l i n e a r d e c l i n e . The r a t e of decay i s 
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Table 7 The seed d e n s i t i e s recorded i n Oak (Quercus spp.) 
coppice stands of i n c r e a s i n g age. 
S p e c i e s Average Nfi seeds / m 
I I I I I IV VI V I I V I I I 
D i g i t a l i s purpurea 
Hypericum pulchrum 
Rubus f r u t i c o s u s 





Veronica o f f i c i n a l i s 
Plantago major 
B e t u l a pubescens 
A g r o s t i s spp. 



















































T o t a l s 19177 16081 1057 317 1442 821 1305 1007 
H.non-scripta = Hyacinthoides n o n - s c r i p t a 
Column Woodland Area Estimated Number of 
Age(yrs) Samples 
I Warleigh point 1 5 10 
I I Warliegh point 2 20 10 
I I I Gun Oak E3a 74 10 
IV Wareham Dla 120 60 
V Wareham Die 126 9 
VI Wareham D2b 161 20 
V I I Wareham D2b 161 8 
V I I I Wareham D2b 200 15 
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Table 8 The seed d e n s i t i e s recorded i n p l a n t a t i o n s 
of i n c r e a s i n g age. 
S p e c i e s Average Nfi seeds / m^ 
I I I I I IV 




L u z u l a s y l v a t i c a 
C i r s i u m arvense 
Cardamine h i r s u t a 
Cyperus spp. 
Ulex europaeus 



















































T o t a l 16285 14870 993 445 2193 
Column Woodland Area Estimated Number of Tree 
Age(yrs) Samples S p e c i e s 
I Wareham Die 9 10 DF 
I I Wareham D2a 15 10 DF 
I I I Gun Oak E3f 28 10 NS 
IV Gun Oak E3a 48 10 JL/DF 
V Carthamartha B3f 77 39 SP/DF 
DF - Douglas f i r ( Pseudotsuga m e n z i e s i i ) 
SP - S c o t s pine (Pinus s y l v e s t r i s ) 
NS - Norway spruce ( P i c e a a b i e s ) 
J L - Japanese l a r c h ( L a r i x l e p t o l e p i s ) 
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F i g u r e 16. The d e c l i n e of t o t a l seed d e n s i t y i n the s o i l s 
of coppice stands of i n c r e a s i n g age. 
The curve i s f i t t e d by eye 
4.0 J 
•p 
to c 0) Q 
S 3.0 
2.0 
X Measured d e n s i t i e s / 
+ Data from Brown & O o s t e r h u i s (1981) 
50 100 150 200^ 250 
Stand age ( y r s ) 
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c o n t r o l l e d by the r a t i o of the i n d i v i d u a l s p e c i e s decay r a t e s . 
A d d i t i o n a l v a r i a t i o n w i l l a l s o be introduced by the seed 
input of the shade t o l e r a n t ground v e g e t a t i o n and wind c a r r i e d 
seed. A s p e c i e s which appears i n both of these c a t e g o r i e s i s 
B e t u l a pubescens. I n Wareham Wood, where i t i s an o c c a s i o n a l 
canopy s p e c i e s , the seeds of t h i s s p e c i e s comprised 51% of the 
t o t a l seed bank a t one sampling p o s i t i o n . The seeds are s h o r t 
l i v e d and the time a t which the seed bank i s sampled i n each year 
of the survey w i l l be c r i t i c a l to the measured t o t a l decay r a t e s . 
I f t o t a l s p e c i e s seed d e n s i t y i s to be used f o r comparative 
purposes i t may t h e r e f o r e be a d v i s a b l e to omit the shade t o l e r a n t 
s p e c i e s from the r e s u l t s . 
A f u r t h e r c o m p l i c a t i o n a f f e c t i n g only the p l a n t a t i o n data i s 
t h a t woodlands of s e v e r a l d i f f e r i n g canopy s p e c i e s were sampled, 
a f a c t o r which can i n f l u e n c e both p a s t and p r e s e n t ground f l o r a 
composition (Moore & Wein 1977), and consequently a f f e c t the seed 
bank decay r a t e s . An example i s provided by the Japanese l a r c h 
( L a r i x l e p t o l e p i s ) p l a n t a t i o n s of Morewellham, which a l l o w a 
secondary canopy of Rubus f r u t i c o s u s to be formed beneath them. 
I n comparison Douglas f i r (Pseudotsuga m e n z i e s i i ) and Norway 
spruce ( P i c e a a b i e s ) exclude a l l ground f l o r a a t s i m i l a r canopy 
ages. 
Seed bank composition d i f f e r e n c e s can be reduced by sampling 
p l a n t a t i o n s w i t h s i m i l a r h i s t o r i e s , ( eg p l a n t a t i o n on o l d 
coppice ) but the canopy s p e c i e s r e s t r i c t i o n s , i n terms of both 
the environmental c o n d i t i o n s beneath the canopy and the 
management to which each i s s u b j e c t e d ( eg t h i n n i n g regimes ) , 
reduce the number o f p o t e n t i a l s i t e s a v a i l a b l e i n the survey 
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a r e a . These l i m i t a t i o n s when a p p l i e d to the p l a n t a t i o n study 
ensure t h a t there are i n s u f f i c i e n t comparable data f o r 
q u a n t i f i c a t i o n of seed bank development i n the s e p a r a t e stand 
t y p e s . 
As w i t h both the depth and s p a t i a l d i s t r i b u t i o n s t u d i e s , the 
use of t o t a l seed bank d e n s i t y i s of l i m i t e d v a l u e . The 
c o n d i t i o n s which must be s a t i s f i e d by each woodland r e s t r i c t the 
number of a r e a s a v a i l a b l e and consequently the accuracy of the 
r e s u l t s . Changes i n d e n s i t y of i n d i v i d u a l s p e c i e s a r e of much 
more i n t e r e s t . 
1.8.3 I n d i v i d u a l s p e c i e s developments, 
i ) Coppice woodlands. 
The change i n d e n s i t y of each s p e c i e s i n a s o i l seed bank 
over time would be expected to f o l l o w an e x p o n e n t i a l decay 
f u n c t i o n . T h i s w i l l be an average value dependent on the depth a t 
which the seeds a r e b u r i e d (Rampton & Ching 1970), and 
environmental c o n d i t i o n s c h a r a c t e r i s t i c of the a r e a . Each s p e c i e s 
w i l l d i s appear from the seed bank a t an age governed e i t h e r by 
the decay r a t e and the i n i t i a l d e n s i t y of propagules, or i n the 
case of s h o r t l i v e d seeds, the maximum seed l i f e span of the 
s p e c i e s . 
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The development of the seed banks of the shade i n t o l e r a n t 
s p e c i e s (category I I ) throughout the woodland sequence f o l l o w s 
the expected p a t t e r n . R e l a t i v e l y s h o r t l i v e d s p e c i e s { <50 y r s , 
i n c l u d i n g Ulex europaeus, V e r o n i c a o f f i c i n a l i s , and Plantago 
m a j o r ) , a r e absent beyond the two youngest woodland s o i l s 
sampled. 
Four genera continue to s u r v i v e i n the s o i l a f t e r 50 y e a r s 
beneath a canopy of t r e e s . Juncus spp. ( J . a c u t i f l o r u s , 
J.conglomeratus & J . e f f u s u s ) are p r e s e n t i n low d e n s i t i e s 
throughout the coppice woodland sequence but show a patchy 
temporal d i s t r i b u t i o n a f t e r 70 y e a r s . Whether t h i s i s due to 
s u r v i v a l from the open canopy p e r i o d or to i n f r e q u e n t input of 
wind c a r r i e d seed from the surrounding a r e a s cannot be determined 
from these r e s u l t s . The appearance of Juncus spp. i n the s u r f a c e 
l a y e r s of the Wareham wood depth survey would seem to i n d i c a t e a 
wind c a r r i e d seed input. I n comparison with t h i s study Moore & 
Burr (1948) quote a 50-90 y r l i f e span f o r Juncus spp. 
D i g i t a l i s purpurea i s absent from the s o i l s of g r e a t e r than 
130 y e a r s age, although i t s absence from one ar e a ( D l a ) 
suggests a patchy d i s t r i b u t i o n a t low d e n s i t y before t h i s canopy 
age. As s t a t e d p r e v i o u s l y t h i s may be due to d i f f e r e n c e s i n the 
seed bank d e n s i t i e s p r e s e n t a t canopy c l o s u r e . 
Hypericum pulchrum remains throughout the sequence of sampled 
coppice s t a n d s . T h i s i n d i c a t e s a g r e a t e r seed bank l i f e span f o r 
t h i s s p e c i e s than f o r D i g i t a l i s purpurea, s i n c e the d e n s i t i e s a r e 
s i m i l a r when measured i n the young coppice s t a n d s . When the mean 
d e n s i t y of Hypericum seeds i n the coppice stand s o i l s i s p l o t t e d 
on a l o g a r i t h m i c s c a l e a g a i n s t stand age, the r e s u l t i n g d e c l i n e 
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i s not l i n e a r ( F i g u r e 17), as would be expected from the r e s u l t s 
of Roberts & Dawkins (1967) and Rampton & Ching (1970). The 
reasons f o r the appa r e n t l y c u r v i l i n e a r d e c l i n e w i l l be examined 
l a t e r i n s e c t i o n 1.9. 
Rubus f r u t i c o s u s i s found i n s i m i l a r d e n s i t i e s to Hypericum 
pulchrum throughout the o l d e r stands. Marks (1974) quotes Rubus 
spp. as having a 50 year seed bank l i f e span and s i n c e they do 
not normally flower beneath a complete canopy, another 
e x p l a n a t i o n must be found f o r the presence of t h e i r seed i n o l d 
woodlands. Jordano (1982) has demonstrated t h a t the seeds of 
Rubus spp. a r e b i r d d i s p e r s e d i n Europe, and the seeds may 
t h e r e f o r e d e r i v e from a combination of animal d i s p e r s a l and 
fl o w e r i n g and seed production i n the canopy gaps c r e a t e d by 
t r e e f a l l ( Watt 1947 ) . C e r t a i n l y Rubus f r u t i c o s u s i s able to 
s u r v i v e v e g e t a t i v e l y beneath a c l o s e d woodland canopy which 
a l l o w s i t to e x p l o i t the o c c a s i o n a l canopy gaps c r e a t e d by 
windthrown t r e e s . 
With i n c r e a s i n g s i z e of the t r e e s i n a stand, s e l f t h i n n i n g 
b r i n g s about a r e d u c t i o n i n t r e e d e n s i t y and consequently an 
i n c r e a s e i n the amount of l i g h t r e a c h i n g the s o i l s u r f a c e 
( S a l i s b u r y 1924). The r a i s e d l i g h t l e v e l s a l l o w i n v a s i o n from the 
r i d e s or woodland edges of s p e c i e s a b l e to w i t h s t a n d some 
shading. T h i s may account f o r the i n c r e a s e i n L u z u l a s y l v a t i c a 
and Carex spp. which, although absent from the ground f l o r a , do 
o c c a s i o n a l l y appear i n the gaps c r e a t e d by windthrown t r e e s . 
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i i ) P l a n t a t i o n woodlands. 
I t w i l l be r e c a l l e d t h a t the p l a n t a t i o n s sampled were a l l 
p l a n t e d on the s i t e of a n c i e n t coppice. The r e s u l t s obtained from 
the two youngest p l a n t a t i o n s are c o n s i s t e n t with Kellman's (1974) 
o b s e r v a t i o n s t h a t the seed bank i s the major source of ground 
f l o r a s p e c i e s i n r e c e n t l y f e l l e d woodland. Most s p e c i e s p r e s e n t 
i n the seed bank of these a r e a s are a l s o i n the v e g e t a t i o n 
observed to germinate a f t e r c l e a r f e l l of a n c i e n t coppice. 
Observations w i t h i n the T a v i s t o c k Woodland E s t a t e have shown 
t h a t few s p e c i e s germinate a f t e r c l e a r a n c e of a n c i e n t coppice. 
The predominant s p e c i e s germinating a r e Hypericum pulchrum, Rubus 
f r u t i c o s u s , L u z u l a s y l v a t i c a , Carex spp and o c c a s i o n a l l y 
D i g i t a l i s purpurea, the new s e e d l i n g f l o r a being dependent on the 
age of the c l e a r e d coppice stand. These germinating s p e c i e s a r e 
present i n the seed bank of the o l d e r coppice s t a n d s , ( 'recorded 
i n Table 7 ) and a l s o i n the samples removed from the p l a n t a t i o n s 
l a i d down a f t e r c l e a r a n c e of coppice ( Table 8 ) , Indeed the 
seeds of o l d coppice and young p l a n t a t i o n s are remarkably 
s i m i l a r . 
A g r o s t i s spp a r e c h a r a c t e r i s t i c of the s u c c e s s i o n a l 
v e g e t a t i o n of newly c l e a r e d a r e a s of o l d coppice, spreading by 
d i s p e r s a l from the r i d e s to form a t h i c k c a r p e t w i t h i n 2-3 y e a r s 
a f t e r c u t t i n g and remaining u n t i l the new canopy c l o s e s . I t i s 
t h e r e f o r e s u r p r i s i n g t h a t the seeds of these s p e c i e s do not 
appear i n the seed bank of the young p l a n t a t i o n s . H i l l and 
Stevens (1981) quote a 45 year seed bank l i f e span f o r A g r o s t i s 
spp. The absence of the seeds may be due to the low numbers of 
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samples removed i n the p r e l i m i n a r y survey. However i n a l l twenty 
samples removed from these young p l a n t a t i o n s no A g r o s t i s spp 
s e e d l i n g s were recorded. 
The Gun Oak woodland r e s u l t s d i f f e r from those of the other 
p l a n t a t i o n s . D i g i t a l i s purpurea i s found as a s i n g l e seed and 
Hypericum pulchrum i s absent. There i s a l s o an abundance of Ulex 
europaeus i n the s o i l which would not be expected i n a sample 
removed from an a r e a planted on what was o l d coppice, 
A p o s s i b l e e x p l a n a t i o n may be t h a t the sampled s i t e s are 
surrounded not by coppice a r e a s but by o l d e r p l a n t a t i o n s . Ulex 
europaeus i s dominant i n the r i d e s between these p l a n t a t i o n s and 
has been seen to spread q u i c k l y a f t e r c l e a r f e l l , forming a dense 
canopy. T h i s canopy would exclude both D i g i t a l i s purpurea and 
Hypericum pulchrum from the r e c o l o n i s i n g v e g e t a t i o n , preventing 
refurbishment of the seed bank. 
S e v e r a l problems prevent the use of these p l a n t a t i o n r e s u l t s 
i n e s t a b l i s h i n g a sequence of seed d e n s i t y changes w i t h age. 
F i r s t t h e r e are the d i f f e r i n g degrees of i s o l a t i o n to which the 
s i t e s a r e s u b j e c t e d , second the i n f l u e n c e of the management. I n 
order to maximise y i e l d the f o r e s t e r w i l l r e g u l a r l y remove 
s e l e c t e d l i n e s of t r e e s w i t h the aim of reducing i n t e r - t r e e 
c o mpetition. The removal of the t h i n n i n g l i n e s d i s t u r b s the s o i l 
and a l s o i n c r e a s e s l i g h t l e v e l s a t the s o i l s u r f a c e . I t has been 
noted t h a t i n the p l a n t a t i o n s of the T a v i s t o c k Woodland E s t a t e 
the a l t e r e d environment beneath these l i n e s a l l o w s Hypericum 
pulchrum to germinate from the seed bank and produce seed. 
-83-
Rubus f r u t i c o s u s s u r v i v i n g v e g e t a t i v e l y beneath the canopy i s 
a l s o a b l e to produce seed and A g r o s t i s spp. can e x p l o i t the 
s i t u a t i o n by spreading from the r i d e s . 
The r e s u l t i n g seed input r a i s e s the seed bank l e v e l i n the 
t h i n n i n g l i n e s above t h a t found i n unthinned coppice of s i m i l a r 
canopy age. With v a r i a t i o n i n growth r a t e s of the canopy 
s p e c i e s , and consequently d i f f e r i n g management p r a c t i c e s , the 
aggregation of the sample survey r e s u l t s i n t o a s i n g l e age 
sequence i s not a d v i s a b l e . 
1.8,4 Comparisons w i t h other woodland s u r v e y s . 
Brown and O o s t e r h u i s (1981) have s t u d i e d the seed banks o f 
f i v e lowland coppice a r e a s on the E s s e x / S u f f o l k border, 
removing samples from the 0-5 and 5-15 cm s o i l l a y e r s . The 
s i m i l a r i t i e s i n f l o r i s t i c composition between the two s t u d i e s 
have been d e s c r i b e d e a r l i e r i n S e c t i o n 1.5.1. The t o t a l seed bank 
d e n s i t i e s f o r t h e i r 0-10 cm s o i l l a y e r can be estimated, and have 
been p l o t t e d on F i g u r e 16 w i t h the r e s u l t s from t h i s survey. The 
r e s u l t s a r e c l e a r l y comparable w i t h those from woodlands of 
s i m i l a r age i n the Tamar v a l l e y . The v a r i a t i o n i n s p e c i e s 
composition and the unknown h i s t o r y of the E s s e x / S u f f o l k 
woodlands l i m i t the use of these comparisons. Brown and 
O o s t e r h u i s (1981) have p u b l i s h e d no e s t i m a t e s of i n d i v i d u a l 
s p e c i e s d e n s i t i e s so t h a t t h e r e can be no comparisons at t h i s 
l e v e l . 
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The only study of p l a n t a t i o n seed banks which can be r e l a t e d 
to the T a v i s t o c k Woodland survey i s t h a t of H i l l and Stevens 
(1981). They examined the seed bank of a Douglas f i r (Pseudotsuga 
m e n z i e s i i ) p l a n t a t i o n which had been f e l l e d a t 55 y e a r s of age. 
The p l a n t a t i o n had been s i t e d on a d e r e l i c t mixed c o n i f e r ( L a r i x 
decidua , P i c e a a b i e s ) and hardwood (Acer pseudoplanatus , 
Castanea s a t i v a ,Fagus s y l v a t i c a , Quercus spp) p l a n t a t i o n , 
f e l l e d 9-13 y e a r s before p l a n t i n g w i t h softwoods. The p e r i o d 
between f e l l i n g and p l a n t i n g d i f f e r s s i g n i f i c a n t l y from the 
T a v i s t o c k Woodland E s t a t e s t a nds, but the seed bank of age 55 
y e a r s compares with those i n the T a v i s t o c k woodlands. D i g i t a l i s 
purpurea (4300 seeds / m^), Ulex g a l l i i (273 seeds / m^), Rubus 
f r u t i c o s u s (137 seeds / m^), and Hypericum pulchrum (126 seeds 
/ m^) were the common s p e c i e s , with A g r o s t i s spp, Juncus spp, and 
Carex spp. a l s o p r e s e n t . 
The d e n s i t y of D i g i t a l i s purpurea i n the study of H i l l and 
Stevens (1981) i s g r e a t e r than t h a t of woodlands of s i m i l a r age 
i n the T a visock study. T h i s i s most probably due to the longer 
p e r i o d of abandonment a f t e r c l e a r f e l l of the o r i g i n a l woodlands. 
The d e n s i t y of seeds of Ulex g a l l i i i n the work of H i l l and 
Stevens (1981) compares w i t h t h a t f o r Ulex europaeus i n the Gun 
Oak woods. Ulex spp. may be a b l e to c o l o n i s e the p l a n t a t i o n s 
a f t e r t h i n n i n g of the t r e e s , though whether from s u r v i v i n g seed 
or by i n v a s i o n i s unknown. 
Hypericum pulchrum seeds i n the H i l l and Stevens (1981) study 
may, as i s the case w i t h Carthamartha, be d e r i v e d p a r t l y from 
reinforcement during management. 
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1.9 The Hypericxim pulchrum and D i g i t a l i s purpurea s u r v e y s . 
1.9.1 I n t r o d u c t i o n and Methods 
The r e s u l t s of the p r e l i m i n a r y survey of coppice woods showed 
t h a t the mean d e n s i t i e s of D i g i t a l i s purpurea and Hypericum 
pulchrum, when p l o t t e d on a log s c a l e a g a i n s t the age of the 
canopy, i n d i c a t e d a c u r v i l i n e a r d e c l i n e , not the expected l i n e a r 
r e l a t i o n s h i p . I n order to i n v e s t i g a t e t h i s i n more d e t a i l a 
, f u r t h e r sampling programme was i n i t i a t e d , c oncentrated on the 
d e c l i n e of the seed bank of these two s p e c i e s i n the s o i l s of 
coppice s t a n d s . F i f t y samples were removed from e i g h t a r e a s of 
the T a v i s t o c k Woodland E s t a t e coppice. Two a d d i t i o n a l woodlands, 
Greystone wood and L i f t o n wood, s i t u a t e d to the north of the 
upper Tamar woodlands, were a l s o sampled. These a r e a s provided 
two coppice stands i n the 30-40 year age range which were not 
a v a i l a b l e i n the upper Tamar woodlands. 
The r e s u l t s a l l o w an assessment of the seed bank development 
of D i g i t a l i s purpurea and Hypericum pulchrum beneath coppice 
stands i n the age range 5 - 220 y e a r s . 
1.9.2 Hypericum pulchrum 
F i g u r e 17 i l l u s t r a t e s the r e s u l t s of the survey of the seed 
bank d e n s i t y of Hypericum pulchrum f o r the coppice woodlands 
s t u d i e d . The seed bank decay does not f o l l o w a l i n e a r f u n c t i o n 
w i t h time on a log s c a l e . A f t e r an i n i t i a l r a p i d d e c l i n e to 
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F i g u r e 17. Log(seed d e n s i t y / ) p l o t t e d a g a i n s t stand 
age f o r Hypericum pulchrum i n the s o i l s 
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approximately 80-100 y e a r s the decay slows and i s followed by an 
apparent s l i g h t i n c r e a s e i n seed d e n s i t y . 
S e v e r a l hypotheses can be put forward to e x p l a i n t h i s 
apparent i n c r e a s e i n the seed d e n s i t y of o l d e r woodlands. 
F i r s t l y , the assumption made when measuring the decay r a t e by use 
of stands of d i f f e r i n g age i s t h a t , w i t h i n r e l a t i v e l y narrow 
l i m i t s , the i n i t i a l d e n s i t i e s of the seed banks of each of the 
a r e a s of woodland were i d e n t i c a l a t canopy c l o s u r e . I f t h i s was 
not the case then d i f f e r i n g seed bank s t a r t i n g d e n s i t i e s f o r each 
woodland could r e s u l t i n the observed decay curve (Figure 1 8 ) . 
F i g u r e 18 A f a m i l y of l i n e a r decay r e s u l t s produced 
by a s i n g l e decay r a t e w i t h d i f f e r i n g 
s t a r t i n g d e n s i t i e s . 
Log (Density) 
Sample r e s u l t based on a s e r i e s 
of p a r a l l e l decay r a t e s i n the s o i l 
P o i n t s t h a t would be a n t i c i p a t e d 
i f t h i s were the s i t u a t i o n . 
Mesured decay curve 
Time 
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During the sampling survey i t was noted t h a t i n stands aged 
over 80 y r s , Hypericum pulchrum was ab l e to germinate, flower and 
shed seed on the d i s t u r b a n c e s caused by t r e e f a l l s ( S e c t i o n 1,9.2 
i i ) . Consequently the mean d e n s i t y v a l u e s f o r stands over t h i s 
age cannot be used i n the c a l c u l a t i o n of a r e g r e s s i o n of d e n s i t y 
a g a i n s t stand age. The decay r a t e of Hypericum pulchrum seeds 
w i t h i n coppice stands was t h e r e f o r e c a l c u l a t e d from the i n i t i a l 
f i v e stand seed d e n s i t i e s which appear t o l i e on a s t r a i g h t l i n e . 
The s t a r t i n g d e n s i t i e s r e q u i r e d to be pr e s e n t a t canopy c l o s u r e 
i n o r d er t o produce the mean d e n s i t i e s measured i n the o l d e r 
stands can then be c a l c u l a t e d . T h i s c a l c u l a t i o n r e v e a l s t h a t the 
s t a r t i n g d e n s i t i e s would have to be i n the region of 10 m i l l i o n 
seeds / m^ or 1000 seeds / cm? . C l e a r l y these d e n s i t i e s a r e . 
100 X those recorded i n the seed banks of the young coppice 
stands. I t i s u n l i k e l y t h a t the seed d e n s i t y of any s p e c i e s i n 
the s o i l would re a c h t h i s l e v e l and t h i s p o s s i b i l i t y can 
t h e r e f o r e s a f e l y be r e j e c t e d . 
The remaining hypotheses t h a t can be put forward t o e x p l a i n 
the development of the Hypericum pulchrum seed bank f a l l i n t o two 
c a t e g o r i e s . E i t h e r i ) d i f f e r i n g decay r a t e s between or w i t h i n 
s t a n d s ; or i i ) seed input to the s o i l from n a t u r a l d i s t u r b a n c e or 
management of the woodland. These hypotheses a r e not e x c l u s i v e . 
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i ) V a r i a b i l i t y i n decay r a t e s . 
Between s t a n d s . 
I t i s p o s s i b l e t h a t the decay r a t e of the seeds i n the seed 
bank could vary according to environmental c o n d i t i o n s . I f each of 
the woodland a r e a s has a d i f f e r e n t mean ex p o n e n t i a l decay r a t e 
f o r Hypericum pulchrum, then a f a m i l y of decay curves would be 
e x h i b i t e d ( F i g u r e 1 9 ) . 
F i g u r e 19 A s e r i e s of decay f u n c t i o n s i n i t i a t e d from a 
s i n g l e seed d e n s i t y . 
a Sample r e s u l t s which 
may be d e t e c t e d . 
X Sample r e s u l t s t h a t would a l s o 
be a n t i c i p a t e d . 




I n order to d e r i v e the measured decay p a t t e r n f o r Hypericum 
pulchrum the decay curves would have to be b i a s e d , the o l d e r 
stands having slower r a t e s of decay throughout t h e i r e x i s t e n c e , 
an u n l i k e l y event. S e l e c t i o n of a d j o i n i n g woodland a r e a s of 
s i m i l a r topographical form and e x h i b i t i n g no s i g n i f i c a n t 
d i f f e r e n c e s i n e i t h e r v e g e t a t i o n or canopy s p e c i e s reduces the 
l i k e l i h o o d of major v a r i a t i o n s . I f r e g i o n s of d i s t i n c t l y 
d i f f e r i n g seed bank p r e s e r v a t i o n e x i s t w i t h i n woodlands, stands 
of s i m i l a r age would be expected to show g r e a t e r v a r i a t i o n i n 
seed d e n s i t y ( F i g u r e 1 9 ) . 
Within stands. 
The causes of death of a b u r i e d seed w i t h i n the s o i l seed 
bank can be s p l i t i n t o three broad c a t e g o r i e s : predation or 
fungal decay; premature germination p l a c i n g the s e e d l i n g i n an 
environment i n which i t i s unable to s u r v i v e ; and p h y s i o l o g i c a l 
death of the propagule due to "old age". 
I t i s g e n e r a l l y accepted t h a t p r e d a t i o n of seeds i s g r e a t e s t 
a t the s o i l s u r f a c e and d e c r e a s e s w i t h depth ( L e a v i t t 1963, 
Thompson 1987). Large seeds s u f f e r g r e a t e r r a t e s of l o s s than 
s m a l l due to higher r a t e s of p r e d a t i o n and a l s o the f a s t e r b u r i a l 
r a t e s of the s m a l l seeds removing them from the s o i l s u r f a c e . 
Germination of seeds w i t h i n the s o i l has been shown to be 
s t i m u l a t e d by l i g h t f l a s h (Wesson & Waring 1967), temperature 
f l u c t u a t i o n s (Thompson e t a l 1977), l e a c h i n g of i n h i b i t o r s and 
s c a r i f i c a t i o n ( B a l l a r d 1973). With i n c r e a s i n g depth of b u r i a l the 
amount of l i g h t and a l s o the f l u c t u a t i o n s i n s o i l temperature 
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w i l l d e c r e a s e . The environmental c o n d i t i o n s to which the seed i s 
exposed w i l l be more s t a b l e (Harper 1977), and premature 
germination w i l l t h e r e f o r e be l e s s l i k e l y . 
As a r e s u l t of the d e c r e a s i n g i n f l u e n c e of both p r e d a t i o n and 
environmental t r i g g e r s , p h y s i o l o g i c a l death may be the l a r g e s t 
f a c t o r i n l o s s from the seed bank i n the lower p r o f i l e s (Roberts 
1981). T h i s can r e s u l t from s e v e r a l p o s s i b l e causes the m a j o r i t y 
of which produce the death of the embryo and t h e r e f o r e i n f l u e n c e 
seed bank l o n g e v i t y , eg d e p l e t i o n of the s t o r e d energy r e s e r v e s , 
or a b u i l d up of waste products. 
Rampton and Ching (1970) have shown t h a t the decay r a t e of 
seeds i n the s o i l i s r e l a t e d to depth 9f b u r i a l . Each s p e c i e s . 
t h a t they examined i l l u s t r a t e d a unique e x p o n e n t i a l decay r a t e 
which d e c l i n e d with depth. As was d i s c u s s e d i n S e c t i o n 1.8.2 a 
s i m u l a t i o n model can be used to i l l u s t r a t e t h a t i f a seed bank i s 
made up of a range of s p e c i e s each of which e x h i b i t s an 
independent e x p o n e n t i a l decay r a t e , then the o v e r a l l d e c l i n e i n 
the t o t a l seed d e n s i t y when p l o t t e d on a log s c a l e w i l l be 
c u r v i l i n e a r . T h i s can a l s o be a p p l i e d to the seed bank of a 
s i n g l e s p e c i e s w i t h d i f f e r i n g decay r a t e s induced by depth of 
b u r i a l . I f a s e r i e s of seed bank samples are removed which 
i n c l u d e a range of s o i l depths then the r e s u l t of p l o t t i n g seed 
d e n s i t y a g a i n s t canopy (seed bank) age on a log s c a l e w i l l a l s o 
be a c u r v i l i n e a r d e c l i n e s i m i l a r to t h a t i l l u s t r a t e d i n F i g u r e 
17. 
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i i ) Seed input to the s o i l . 
Management of the woodlands 
Canopy c l e a r a n c e a l l o w s Hypericum pulchrum and, i n a gap of 
s u f f i c i e n t s i z e . D i g i t a l i s purpurea to germinate and produce 
seed. T h i s has p r e v i o u s l y been shown to a f f e c t the seed bank of 
Carthamartha wood. 
Each a r e a of woodland was examined before sampling i n order 
to e s t c i b l i s h whether i t had been d i s t u r b e d . None showed evidence 
of management by f e l l i n g of s i n g l e t r e e s or t h i n n i n g . G i r t h of 
a l l canopy s p e c i e s were measured i n each area; none e x h i b i t e d 
s i g n s of d i s t u r b a n c e i£.areas of s i g n i f i c a n t l y d i f f e r i n g g i r t h i n 
p l o t t e d d i s t r i b u t i o n c u r v e s ; a bimodal g i r t h d i s t r i b u t i o n would 
be a n t i c i p a t e d i n stands which had been managed as coppice w i t h 
s t a n d a r d s . As was d i s c u s s e d e a r l i e r ( S e c t i o n 1.2), i t was 
apparent from the presence of decaying stumps t h a t some timber 
t r e e s had been removed a t around the time of abandonment of the 
coppice. The d i s t u r b a n c e caused by t h i s f e l l i n g would have had an 
e f f e c t s i m i l a r to the t h i n n i n g d e s c r i b e d f o r the Carthmartha 
woodlands ( S e c t i o n 1.7). However, the number of such stumps i n 
the stands i s very low ( one t r e e i n every two or t h r e e stands ) 
and seed input from these d i s t u r b a n c e s cannot account for the 
r a i s e d seed banks throughout the stand a r e a . As f a r as p o s s i b l e 
management has been excluded as a p o s s i b l e source of major 
v a r i a t i o n s i n seed d e n s i t y . 
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Windthrow and re c r u i t m e n t to the seed bank 
While s u r v e y i n g the o l d e r Wareham Wood coppice areas i t was 
noted t h a t those t r e e f a l l s which c r e a t e both a canopy gap and 
s o i l d i s t u r b a n c e by uprooting a l l o w germination and growth of 
Hypericum pulchrum seeds present i n the turned s o i l . Root 
d i s t u r b a n c e i s nec e s s a r y to remove the c o v e r i n g l i t t e r l a y e r 
which the s e e d l i n g s of Hypericum pulchrum cannot p e n e t r a t e . The 
mature p l a n t s r e s u l t i n g from t h i s d i s t u r b a n c e produce a new seed 
input to the seed bank surrounding the f a l l e n t r e e . T h i s seed 
input i s f i n a l l y h a l t e d by c l o s u r e o f the canopy gap through 
ex t e n s i o n growth by branches of the surrounding t r e e s . S i m i l a r 
p r o c e s s e s have been d e s c r i b e d i n N.American temperate woodland 
(Marks 1974) and i n t r o p i c a l f o r e s t s (Putz 1983). 
During the development of a coppice stand, i f s u f f i c i e n t 
t r e e s f a l l to c r e a t e c o n d i t i o n s which a l l o w reinforcement of the 
surrounding seed bank, t h i s input may provide a mechanism by 
which the d e c l i n e i n d e n s i t y of a seed bank can be h a l t e d . 
I n o r d e r to examine the e f f e c t o f a s i n g l e t r e e f a l l on the 
seed bank of Hypericum pulchrum, a s e r i e s of t r a n s e c t s were 
removed from the s o i l surrounding the root d i s t u r b a n c e of wind 
thrown t r e e s on which reinforcement had occu r r e d . 
The f i r s t s e r i e s of t r a n s e c t s were removed from a w i n d f a l l 
which had occ u r r e d two y e a r s p r e v i o u s l y . A s i n g l e Hypericum 
pulchrum p l a n t had e s t a b l i s h e d a t the apex of the d i s t u r b e d mound 
and had d i s t r i b u t e d one y e a r s seed input to the surrounding 
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s o i l , A t r a n s e c t of c o r e s was removed i n a l i n e s t a r t i n g beneath 
the p l a n t and extending i n t o the surrounding canopy. The r e s u l t s 
provide an estimate of a s i n g l e y e a r s seed input to the seed bank 
of t h i s s p e c i e s . 
A second s e r i e s of c o r e s were removed r a d i a t i n g out from a 
t r e e f a l l on which s e v e r a l Hypericum pulchrum p l a n t s had 
e s t a b l i s h e d and produced seed throughout the pe r i o d f o r which the 
canopy was open. The data from t h i s second survey allowed 
measurement of the d i s t r i b u t i o n of seed input to the seed bank by 
a completed windthrown t r e e d i s t u r b a n c e . 
F i g u r e 20 i l l u s t r a t e s the p a t t e r n of seed d e n s i t y i n the 
f i r s t t r a n s e c t . I t can be seen t h a t reinforcement of the seed 
bank has taken p l a c e up to 90 cm beyond the s o i l d i s t u r b a n c e . The 
seed d i s t r i b u t i o n p a t t e r n r e v e a l e d by the t r a n s e c t i s one of 
i n c r e a s i n g d e n s i t y up to 50 cm from the base of the p l a n t , with a 
d e c l i n e from t h i s maximum a c r o s s the r e s t of the measured 
d i s t a n c e . The r e s u l t s show s i m i l a r i t i e s i n d i s p e r s a l p a t t e r n w i t h 
those measured by S a l i s b u r y (1942) f o r Verbascum thapsus. 
A d d i t i o n a l p l a n t s which germinate from seed produced by 
e s t a b l i s h e d p l a n t s w i l l f u r t h e r r e i n f o r c e the seed bank. During 
t h i s p e r i o d r a i n f a l l and f r o s t e r o s i o n erode the d i s t u r b e d mound, 
and t h i s e r o s i o n of s u r f a c e s o i l which i s r e l a t i v e l y r i c h i n 
seeds, r e s u l t s i n a c o n c e n t r a t i o n of seeds a t the per i p h e r y of 
the d i s t u r b e d a r e a ( F i g u r e 2 1 ) . 
P l a n t s which germinate on the edge of the d i s t u r b a n c e mound 
d i s t r i b u t e seeds to a g r e a t e r d i s t a n c e than a p l a n t i n the c e n t r e 
of the mound, which may be why the a r e a of r e i n f o r c e d seed bank 
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F i g u r e 20. The seed d i s p e r s a l of Hypericum pulchrum from a 
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F i g u r e 21. The seed d i s t r i b u t i o n of Hypericum pulchrum along 
three t r a n s e c t s of s o i l c o r e s removed r a d i a t i n g 
away from the c e n t r e of a d i s t u r b a n c e mound. 
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i n F i g u r e 21 extends to 4.5 metres from the c e n t r e of the 
d i s t u r b a n c e . 
The t r a n s e c t s of c o r e s taken from around the f a l l e n t r e e s 
demonstrate t h a t the r e s u l t i n g seed input can have a s i g n i f i c a n t 
e f f e c t on the seed bank of Hypericum pulchrum. I s t h i s 
d i s t u r b a n c e s u f f i c i e n t to a r r e s t the expected d e c l i n e i n d e n s i t y 
of the seed bank ? T h i s q u e s t i o n w i l l be c o n s i d e r e d i n g r e a t e r 
d e t a i l i n the second p a r t of t h i s t h e s i s . 
1.9.3 D i g i t a l i s purpurea 
The developments i n the seed bank of D i g i t a l i s purpurea 
( F i g u r e 22) a r e s i m i l a r t o those i n Hypericum pulchrum, but the 
r e s u l t s a r e confused by s e v e r a l zero seed d e n s i t i e s . The d e c l i n e 
i n seed bank d e n s i t y i s r a p i d up to a canopy age of approximately 
100 y e a r s , but by t h i s age the seed d e n s i t y i s low ( c f . F i g u r e 17) 
and the v a r i a t i o n caused by sampling of d i f f e r i n g stands i s 
s u f f i c i e n t to mask any c l e a r trends i n the data. I t i s not 
t h e r e f o r e p o s s i b l e to d i s t i n g u i s h c l e a r l y between the f o l l o w i n g 3 
p o s s i b i l i t i e s :-
1) The seeds of D i g i t a l i s purpurea reach t h e i r p h y s i o l o g i c a l 
age l i m i t and the d e n s i t y r a p i d l y drops. 
2) The decay f o l l o w s a l i n e a r d e c l i n e , 
3) The decay form i s c u r v i l i n e a r . 
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F i g u r e 22. Log seed d e n s i t y / m^ p l o t t e d a g a i n s t stand age 
for D i g i t a l i s purpurea i n coppice woodlands. 
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A comparison of the two s p e c i e s decay c u r v e s r e v e a l s t h a t 
Hypericum pulchrum, which i s a b l e to e x p l o i t windthrown t r e e 
d i s t u r b a n c e , c l e a r l y i l l u s t r a t e s an apparent decrease i n i t s 
decay r a t e w i t h time. D i g i t a l i s purpurea i s a l s o l o n g - l i v e d but 
appears to have a requirement f o r l a r g e r gaps i n the canopy i n 
order to germinate, flower and s e t seed ( p e r s o n a l obs. ) . 
T r e e f a l l seed input t o the s o i l may t h e r e f o r e be a s i g n i f i c a n t 
f a c t o r only i n the dynamics of the Hypericum pulchrum seed bank. 
The absence of a c l e a r c u r v i l i n e a r d e c l i n e i n D i g i t a l i s purpurea 
i s c i r c u m s t a n t i a l evidence t h a t seed input from f a l l e n t r e e s may 
p l a y a p a r t i n a r r e s t i n g the d e c l i n e of the Hypericum pulchrum 
seed bank. 
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1.10 Development of the seed bank s p a t i a l d i s t r i b u t i o n 
w i t h time. 
1.10.1 I n t r o d u c t i o n and Methods 
On c l o s u r e of a newly formed woodland canopy the p a t t e r n of 
seeds i n the seed bank, and f u t u r e developments i n t h i s p a t t e r n , 
w i l l be dependent on f a c t o r s r e l a t e d to both the h i s t o r i c a l 
ecology of the stand and the environmental a t t r i b u t e s of the 
a r e a . Among these f a c t o r s i n f l u e n c i n g the p a t t e r n of the seed 
bank are : 
1) The seed bank p a t t e r n present before opening of the canopy 
or p l a n t i n g of the t r e e s . 
2) P a t t e r n s of s e e d l i n g s u r v i v o r s h i p , p l a n t d i s t r i b u t i o n and 
seed d i s p e r s a l during the open canopy phase. 
3) Seed s u r v i v o r s h i p w i t h i n the s o i l beneath the canopy. 
I t might be a n t i c i p a t e d t h a t owing to i n d i v i d u a l s p e c i e s 
d i f f e r e n c e s i n seed d i s p e r s a l , the seed bank p a t t e r n may be 
s p e c i e s s p e c i f i c . I f s p e c i e s s p e c i f i c decay r a t e s are then 
superimposed on t h i s p a t t e r n , development of any subsequent 
p a t t e r n might a l s o be a n t i c i p a t e d to be s p e c i e s s p e c i f i c . 
I n order to t e s t t h i s h y p o t hesis the p a t t e r n of seed bank 
development was examined by use of T a y l o r ' s power index 
( T a y l o r 1961 ) . 
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The index r e l a t e s the v a r i a n c e of a s p a t i a l d i s t r i b u t i o n 
to i t s mean and i s expressed as 
b 
V = a u 
or 
Log V = Log a + b Log u 
Where V i s the v a r i a n c e of the sample s e t 
u i s the mean of the sample s e t 
a,b a r e s p e c i e s s p e c i f i c c o n s t a n t s d e r i v e d 
from a r e g r e s s i o n of log v a r i a n c e a g a i n s t log mean. 
The value of a i s a sampling parameter of l i t t l e 
b i o l o g i c a l s i g n i f i c a n c e , w hile b i s an i n d i c a t o r of the degree 
of aggregation ( b > 1 i n d i c a t e s aggregation ) . 
T a y l o r and Woiwood (1980) have demonstrated t h a t data s e t s 
w i t h a v a r i a n c e of l e s s than 4 and a mean of l e s s than 2 
introduce e r r o r s to the r e g r e s s i o n d a t a . These data s e t s were 
t h e r e f o r e excluded from the r e s u l t s . L i n e a r l e a s t squares 
r e g r e s s i o n can provide v a l u e s f o r a and b, but these must be 
t r e a t e d w i t h c a u t i o n as t h i s method r e q u i r e s the axes to be 
independent of each o t h e r . C l e a r l y the mean and v a r i a n c e of a 
data s e t a r e i n t e r l i n k e d and t h e r e f o r e s i g n i f i c a n c e t e s t s of 
d i f f e r e n c e s of slope and i n t e r c e p t can only be used as guides 
to t r e n d s i n the data. 
Three s p e c i e s were found a t s u f f i c i e n t s i t e s , a f t e r 
removal of s i t e s w i t h a mean seed d e n s i t y of l e s s than 2 and 
v a r i a n c e 4, to enable e v a l u a t i o n of a and b f o r T a y l o r ' s 
index. These were Hypericum pulchrum. D i g i t a l i s purpurea and 
Rubus f r u t i c o s u s , 
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1.10.2 R e s u l t s and D i s c u s s i o n . 
The Taylor's power r e g r e s s i o n s c a l c u l a t e d for the three 
s p e c i e s are i l l u s t r a t e d i n F i g u r e s 23,24, and 25. Table 9 
p r e s e n t s the r e s u l t s of the s i g n i f i c a n c e t e s t s c a r r i e d out on 
the data s e t s . 
Table 9. The s i g n i f i c a n c e l e v e l s of t t e s t s performed on 
t h r e e s p e c i e s seed bank d i s t r i b u t i o n s i n 
two woodland environments. 
Data comparisons S i g n i f i c a n c e t e s t s 
Between s p e c i e s b a 
H.pulchrum vs D.purpurea ns ns 
H.pulchrum vs R . f r u t i c o s u s ns ns 
D.purpurea vs R . f r u t i c o s u s ns ns 
Between management regimes 
Rubus p i t vs coppice ns ns 
Hypericiam p i t vs coppice ns ns 
D i g i t a l i s p i t vs coppice ns ns 
As s t a t e d p r e v i o u s l y these s i g n i f i c a n c e t e s t s can only be 
used as i n d i c a t o r s s i n c e the two data axes ar e not 
independent. A l l b v a l u e s c a l c u l a t e d f o r the data s e t s f a l l 
w i t h i n the range of 1.5 - 2.0, i n d i c a t i n g t h a t there i s 
aggregation w i t h i n the s o i l and confirming the c o n c l u s i o n s 
drawn from the i n v e s t i g a t i o n s of d i s t r i b u t i o n by t r a n s e c t s of 
c o r e s . 
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F i g u r e 23. The Hypericum pulchrum T a y l o r s power 
r e l a t i o n s h i p s f o r coppice and p l a n t a t i o n 
d a t a . 
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F i g u r e 24 The D i g i t a l i s purpurea Taylor's power r e l a t i o n s h i p s 
f o r coppice and p l a n t a t i o n d ata. 
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F i g u r e 25. The Rubus f r u t i c o s u s T a y l o r s power r e l a t i o n s h i p s 
f o r coppice and p l a n t a t i o n d a t a . 
Log S = 0.009 + 1.976 Log X 
X P l a n t a t i o n Data 




The r e s u l t s of the t t e s t s performed on the data i n d i c a t e 
t h a t t h e r e a r e no s i g n i f i c a n t d i f f e r e n c e s between the T a y l o r ' s 
i n d i c e s c a l c u l a t e d f o r the t h r e e s p e c i e s ; the r e l a t i o n s h i p s 
are not s p e c i e s s p e c i f i c . As i l l u s t r a t e d by F i g u r e s 23,24 & 25 
the v a r i a n c e of the data p o i n t s about the r e g r e s s i o n i s 
c o n s i d e r a b l e and any s m a l l d i f f e r e n c e s i n parameters would 
only be d e t e c t e d by l a r g e r data s e t s drawn from a l a r g e r 
number of sampled woodlands. 
The r e s u l t i s s u r p r i s i n g given t h a t Rubus f r u t i c o s u s i s 
b i r d d i s p e r s e d and Hypericum pulchrum and D i g i t a l i s purpurea 
are both wind d i s p e r s e d . Management technique { p l a n t a t i o n or 
coppice ) a l s o appears to have no s i g n i f i c a n t e f f e c t on the 
d i s t r i b u t i o n form ( Table 9 ) . The d i s t r i b u t i o n p a t t e r n s of 
a l l t h r e e s p e c i e s show a b a s i c s i m i l a r i t y , but the cause of 
t h i s common p a t t e r n remains hidden. 
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1.11 Woodland r i d e s as seed r e s e r v o i r s . 
1.11.1 I n t r o d u c t i o n and methods. 
S a l i s b u r y (1924) d e s c r i b e d the appearance of the p l a n t 
s p e c i e s a s s o c i a t e d with the open canopy phase of the coppice 
c y c l e as a process of ebb and flow. He envisaged t h a t p l a n t 
s p e c i e s excluded by the shade of a complete canopy s u r v i v e w i t h i n 
the i n c r e a s e d l i g h t environment of the r i d e s and are then a b l e to 
r e c o l o n i s e a c l e a r e d area a f t e r c o p p i c i n g . 
Rackham (1975) d e s c r i b e d two s p e c i e s which he thought were 
abl e to s u r v i v e i n the s o i l of the coppice a r e a as dormant 
propagules, reappearing i n the v e g e t a t i o n a f t e r each c l e a r a n c e . 
These were Juncus spp and Centaurium e r y t h r a e a . A f t e r sampling of 
the s o i l beneath coppice canopies of approximately 40 y r s of 
age, Brown and Oos t e r h u i s (1981) have e s t a b l i s h e d t h a t the seed 
bank l i f e span of many other s p e c i e s a l s o enables them to p e r s i s t 
i n the f l o r a appearing a f t e r canopy c l e a r a n c e . They have 
d e s c r i b e d how t h i s i s the main method by which s p e c i e s e s t a b l i s h 
a f t e r c u t t i n g , and t h a t S a l i s b u r y ' s ebb and flow method of 
r e c u r r e n t i n v a s i o n i s of l i t t l e consequence i n r e g u l a r c l e a r a n c e 
c y c l e s . 
The s t u d i e s d e s c r i b e d e a r l i e r have i l l u s t r a t e d t h a t with 
i n c r e a s i n g canopy age, many s p e c i e s a r e no longer found w i t h i n 
the seed bank f l o r a , and the importance of a r e a s of r e l a t i v e l y 
l i g h t canopy such as r i d e s between stands, w i l l i n c r e a s e . On 
c l e a r a n c e of the canopy these a r e a s may a c t as seed sources i n 
the way d e s c r i b e d by S a l i s b u r y (1924). 
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I n order to i n v e s t i g a t e the d i v e r s i t y and d e n s i t y of s p e c i e s 
i n the r i d e a r e a s i n comparison w i t h those beneath an a d j a c e n t 
canopy, a t r a n s e c t of s o i l c o r e s was removed from a c r o s s a 
d e r e l i c t r i d e i n Wareham Wood. The r i d e canopy was complete and 
the ground f l o r a was comparable to t h a t beneath a d j a c e n t coppice, 
c o n s i s t i n g of o c c a s i o n a l L o n i c e r a periclymenum, Rubus f r u t i c o s u s , 
and L u z u l a s y l v a t i c a . 
1,11.2 R e s u l t s and D i s c u s s i o n . 
The seed d e n s i t y of s p e c i e s germinating i n the co r e s removed 
from a c r o s s the d e r e l i c t r i d e a r e presented i n Appendix 6 . Table 
10 compares the mean d e n s i t i e s with those of the Wareham Wood 
t r a n s e c t , removed from beneath a 160 y r o l d coppice canopy. 
F i g u r e 26 i l l u s t r a t e s the s p e c i e s d i s t r i b u t i o n s measured 
a c r o s s the r i d e . Peaks i n seed d e n s i t y appear to c o i n c i d e w i t h 
the r i d e a r e a f o r some s p e c i e s eg Juncus spp , O x a l i s a c e t o s e l l a 
and L u z u l a s y l v a t i c a , although i t should be noted t h a t these 
r e s u l t s a r e d e r i v e d from a s i n g l e t r a n s e c t and t h a t a s s o c i a t i o n s 
of the peaks wi t h the r i d e a r e a environment could only be 
e s t a b l i s h e d c o n c l u s i v e l y by f u r t h e r samples. 
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F i g u r e 26 The frequency d i s t r i b u t i o n of i n d i v i d u a l 
s p e c i e s seed d e n s i t i e s measured i n a t r a n s e c t 
of s o i l c o r e s taken a c r o s s a r i d e . 






a) Juncus spp 
Mn 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
b) Rubus spp, 







n f i n n n H J L n XL I I mi 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
30 
20 
c) Hypericum pulchrum 
n n n n f l n n r n m n r, r n n n n n n , n n 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
101 
5 
d) L u z u l a s y l v a t i c a 
n rin n n n l i n i a JXXL 7 8 9 To n 12 13 14 15 0 1 2 3 4 5 6 
e) O x a l i s a c e t o s e l l a 
n n n n n 
9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 
D i s t a n c e ( M ) 
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Table 10 A comparison of the seed d e n s i t i e s of a 160 y r o l d 
coppice stand and an a d j a c e n t r i d e . 
Mean seed d e n s i t y / c o r e 
S p e c i e s r i d e coppice 
Juncus spp 5.6 0.0 
R . f r u t i c o s u s 4.8 0.9 
H.pulchrum 3.6 1.2 
L. s y l v a t i c a 1.2 0.08 
O . a c e t o s e l l a 0.3 0.0 
.Carex spp 0.1 0.02 
A g r o s t i s spp 0.2 0.15 
Two shade i n t o l e r a n t s p e c i e s are found i n the seed bank of 
the r i d e , Juncus spp i n s i d e the r i d e a r e a , Hypericum pulchrum a t 
the edges. An examination of the r i d e s t h a t a r e i n use throughout 
the woodlands r e v e a l s t h a t t h i s may be caused by d i f f e r e n c e s i n 
the a b i l i t y of the a d u l t p l a n t s to w i t h s t a n d the d i s t u r b a n c e of 
f o r e s t r y v e h i c l e s . Juncus spp seem ab l e to s u r v i v e i n the c e n t r e 
of the r i d e s between the wheel t r a c k s , w h i l e Hypericum i s able to 
s e t seed only a t the r i d e edges. 
The t h r e e shade t o l e r a n t s p e c i e s a l s o r e v e a l d i f f e r e n c e s i n 
t h e i r seed bank d i s t r i b u t i o n s . L u z u l a s y l v a t i c a , the l e a s t shade 
t o l e r a n t of the t h r e e , i s found i n both the ground f l o r a and i n 
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the seed bank of the r i d e a r e a . I n t h i s s p e c i e s seed production 
i s a p p a r e n t l y confined to the r i d e and does not extend i n t o the 
more h e a v i l y shaded regions on e i t h e r s i d e . 
O x a l i s a c e t o s e l l a , a s p e c i e s found i n the ground f l o r a 
throughout the coppice stands, germinated only i n the r i d e 
samples. T h i s may i n d i c a t e t h a t although shade t o l e r a n t , O x a l i s 
can only flower and produce seed i n the higher l i g h t l e v e l s of 
the r i d e environment. 
Rubus f r u t i c o s u s r e v e a l s an i n c r e a s e d seed d e n s i t y throughout 
the r i d e a r e a w i t h a d e c l i n e towards the stand i n t e r i o r . The open 
canopy may be p r e f e r r e d by b i r d s p e c i e s f o r perching e t c . and the 
seed bank would t h e r e f o r e d i s p l a y r a i s e d l e v e l s i n t h i s a r e a . 
Rubus may a l s o flower only w i t h i n the r i d e a r e a but o b s e r v a t i o n s 
suggest t h a t t h i s i s not the case i n the T a v i s t o c k Woodlands. 
Table 10 i l l u s t r a t e s the r a i s e d seed bank d e n s i t y l e v e l s of 
the r i d e i n comparison with the s o i l beneath the canopy. The data 
i n d i c a t e t h a t the r i d e s become i n c r e a s i n g l y important as s o u r c e s 
of seed f o r r e c o l o n i s a t i o n w i t h the d e c l i n e of the seed bank 
beneath the main canopy. Juncus spp e s p e c i a l l y would b e n e f i t from 
t h i s r e s e r v o i r as i t i s absent from the seed bank beneath the 
canopy. Brown & O o s t e r h u i s (1981) have i l l u s t r a t e d t h a t the 'ebb 
and flow' of s p e c i e s to and from a r i d e a r e a does not occur i n 
s u f f i c i e n t d e n s i t i e s to form a s i g n i f i c a n t percentage of the 
f l o r a a f t e r c l e a r f e l l of young coppice woods, when compared to 
t h a t germinating from the seed bank. However a s the seed bank 
d e n s i t y i s reduced beneath the canopy, the r e s e r v e provided i n 
the s o i l of the r i d e s becomes of g r e a t e r value to r e c o l o n i s a t i o n 
a f t e r c l e a r a n c e . 
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1.12 C o n c l u s i o n s drawn from the survey of the woodland 
seed banks. 
The r e s u l t s of the seed bank survey of the T a v i s t o c k Woodland 
E s t a t e , when combined wi t h those drawn from other s t u d i e s , a l l o w 
a simple d e s c r i p t i o n of seed bank dynamics to be developed. 
Immediately a f t e r c l o s u r e of a woodland canopy and e x c l u s i o n 
of the shade intolerant s p e c i e s , the f l o r i s t i c composition, d e n s i t y 
and s p a t i a l d i s t r i b u t i o n of the seed bank w i l l depend on the 
h i s t o r y of the s i t e . I n t h i s survey the p a s t management p r a c t i c e s 
t h a t have been d e t e c t e d i n c l u d e a r a b l e , h o r t i c u l t u r a l and 
woodland. 
E x c l u s i o n of the shade i n t o l e r a n t p l a n t s r e s u l t s i n a gradual 
decrease i n the seed d e n s i t y w i t h i n the s o i l . As the s t u d i e s of 
Roberts & Dawkins (1967) and Rampton & Ching (1970) have 
e s t a b l i s h e d , the r a t e s of decay w i l l be s p e c i e s s p e c i f i c . They 
may a l s o be r e l a t e d to the depth of b u r i a l . S maller seeded 
s p e c i e s w i l l , through the a c t i o n of r a i n f a l l and s o i l animals, 
p e n e t r a t e to g r e a t e r depths a t f a s t e r r a t e s than l a r g e seed. As 
depth i n c r e a s e s the e f f e c t s of p r e d a t i o n , fungal a t t a c k and 
environmental f l u c t u a t i o n s are reduced (Kellman 1978, Harper 
1977). C o n d i t i o n s t h e r e f o r e favour i n c r e a s e d s u r v i v o r s h i p of 
deeply b u r i e d seeds. S u b j e c t e d to the higher s u r f a c e decay r a t e s , 
the m a j o r i t y of shade i n t o l e r a n t s p e c i e s w i l l be found at depth, 
w i t h a c o n s t a n t l y changing l a y e r of s h o r t l i v e d seeds above them 
deposited by the shade t o l e r a n t v e g e t a t i o n s u r v i v i n g i n the 
woodland. 
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with the p a s s i n g of the seed bank l i f e span of each s p e c i e s , 
or the decay r a t e w i t h i n the s o i l reducing the d e n s i t y of seeds 
below a detect£ible l e v e l , s p e c i e s disappear from the seed bank. 
They w i l l become the "marginal s p e c i e s " d e s c r i b e d by S a l i s b u r y 
(1924), e x i s t i n g only i n r i d e s and c l e a r i n g s , and must reinvade 
by seed d i s p e r s a l i f the canopy i s removed. I t might be 
a n t i c i p a t e d t h a t with the passage of time even the long s t a y 
s p e c i e s would be removed and the p e r s i s t e n t seed bank (Thompson & 
Grime 1979) would disappear. 
A f t e r the f i r s t 80 y r s of r a p i d decay, the d e c l i n e of the seed 
bank of Hypericum pulchrum slows to almost zero. Two main 
t h e o r i e s have been put forward to e x p l a i n t h i s phenomenon. The 
f i r s t concerns the decrease i n decay of the seed bank with 
i n c r e a s i n g depth of b u r i a l . The seeds of the seed bank remaining 
a f t e r 80 y r s of canopy have been shown, by the Wareham Wood depth 
survey, to be concentrated mainly i n the lower s o i l l a y e r s . At 
t h i s depth decay may occur a t a r a t e which i s too slow to measure 
a c c u r a t e l y . The second p o s s i b i l i t y (which may occur i n 
c o n j u n c t i o n w i t h the f i r s t ) i s t h a t the input of seed from 
d i s t u r b a n c e caused by wind thrown t r e e s i s s u f f i c i e n t to h a l t the 
d e c l i n e i n d e n s i t y of the seed bank. I f t h i s i s the case the seed 
bank of shade i n t o l e r a n t s p e c i e s may perhaps be maintained 
i n d e f i n i t e l y beneath a c l o s e d canopy. T h i s mechanism has been 
d i s c u s s e d p r e v i o u s l y by Grubb (1977). 
The p o s s i b i l i t y t h a t Hypericum pulchrum may be able to 
maintain a seed bank beneath a c l o s e d t r e e canopy i s of 
p a r t i c u l a r i n t e r e s t . Marks (1983) c o n s i d e r e d the question of 
where e a r l y " o l d f i e l d " s p e c i e s were found i n America when the 
-114-
c o n t i n e n t was completely covered by woodlands, before the advent 
of European man. Marks (1983) concluded t h a t the m a j o r i t y of 
s p e c i e s must have e x i s t e d i n a r e a s of c o n t i n u a l d i s t u r b a n c e such 
as v a l l e y s i d e s , r i v e r banks e t c , spreading from these s i t e s as 
the t r e e canopy was c l e a r e d . He a l s o l i s t s t h r e e s p e c i e s which 
were ab l e to occupy woodland c l e a r i n g s c r e a t e d by windthrow e t c , 
by v i r t u e of a r e l a t i v e l y long seed bank l i f e span and animal 
d i s p e r s a l . The s p e c i e s are P h y t o l a c c a americana, Prunus 
pe n n s y l v a n i c a and Rubus s t r i g o s u s . I f i t can be shown t h a t 
Hypericum pulchrum can s u r v i v e w i t h i n woodland s o i l s by e x i s t i n g 
on a d i e t of t r e e f a l l d i s t u r b a n c e , then other s p e c i e s may a l s o 
show s i m i l a r h a b i t s and can be added to Mark's (1983) l i s t of the 
s p e c i e s of open h a b i t a t s which can e x i s t w i t h i n apparently 
" c l o s e d " woodlands. 
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SECTION 2. 
A windthrown t r e e d i s t u r b a n c e s i m u l a t i o n model. 
2.1 I n t r o d u c t i o n 
The f a l l of a f o r e s t t r e e c r e a t e s a gap i n the canopy which 
i s c l o s e d e i t h e r by extension of the surrounding branches, or by 
growth of a new t r e e or group of t r e e s . T h i s has become known a s 
"gap replacement" (Watt 1947) which has been s t u d i e d i n both 
temperate (Watt 1947, Bray 1956, A u c l a i r & Cottam 1971, Marks 
1974, Whittaker & L e v i n 1977, Barden 1981, Runkle 1982, White, 
Mackenzie & Bushing 1985) and t r o p i c a l f o r e s t s (Hartshorn 1978, 
Brokaw 1982, Putz 1983, Hubbell & F o s t e r 1986) and i s considered 
to be one of the main mechanisms by which s p e c i e s d i v e r s i t y i s 
maintained w i t h i n climax f o r e s t s (Whitmore 1982). The c o a r s e n e s s 
of the mosaic produced by t h i s p r ocess i s dependent upon the gap 
generator. F i r e and storm damage c r e a t e l a r g e expanses of 
d i s t u r b a n c e r e s u l t i n g i n a c o a r s e g r a i n e d environment w h i l s t 
i n d i v i d u a l t r e e f a l l s , through d i s e a s e or windthrow, produce l e s s 
dramatic changes and a f i n e g r a i n e d mosaic. 
Watt (1947) and E h e r n f e l d (1980) have demonstrated t h a t 
removal of the canopy causes changes i n the production and 
r e p r o d u c t i v e e f f i c i e n c y of the shrub l a y e r and ground f l o r a 
beneath the gap. Watt (1947), i n a study of the C h i l t e r n beech 
woods, e s t a b l i s h e d t h a t the ground f l o r a p asses through phases 
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s i m i l a r to the canopy t r e e s . On opening of a gap, the i n c r e a s e d 
l i g h t l e v e l s produce a r i s e i n the growth r a t e of those p l a n t s 
which were a b l e t o s u r v i v e v e g e t a t i v e l y beneath the canopy. The 
new environment may a l s o a l l o w e s t a b l i s h m e n t , growth and 
reproduction of shade i n t o l e r a n t s p e c i e s p r e v i o u s l y excluded by 
the complete canopy; Watt(1947) used the term b u i l d i n g phase to 
d e s c r i b e these changes. On re a c h i n g the gap c a r r y i n g c a p a c i t y , 
the v e g e t a t i o n of the ground f l o r a e n t e r s a mature phase. 
F i n a l l y , c l o s u r e of the canopy r e s u l t s i n a decrease i n 
ph o t o s y n t h e t i c production by the v e g e t a t i o n ( degenerate phase ) , 
b r i n g i n g about a r e d u c t i o n i n abundance of shade i n t o l e r a n t s 
u n t i l only shade t o l e r a n t s p e c i e s s u r v i v e . 
Accompanying the v e g e t a t i v e development of the shrub l a y e r 
and ground f l o r a i s a s u c c e s s i o n a l c o l o n i s a t i o n of the 
"re g e n e r a t i o n n i c h e " c r e a t e d by windthrow (Grubb 1977), Thompson 
(1980) has demonstrated t h a t p l a n t s of the ground f l o r a e s t a b l i s h 
on the f a l l e n trunk and branches. Hypericum perforatum ( S a l i s b u r y 
1942), Juncus spp, Verbascum spp (Grubb 1977) and s e v e r a l pioneer 
t r o p i c a l t r e e s p e c i e s (Putz 1983) a l l germinate from seed i n s o i l 
which i s d i s t u r b e d by uprooting. 
S o i l d i s t u r b a n c e mounds a r e not produced by every f a l l w i t h i n 
the f o r e s t . I n temperate f o r e s t s Runkle (1982) measured a r a t e of 
20% of windthrows r e s u l t i n g i n mounds, w h i l e Putz (1983) measured 
22% f o r t r o p i c a l f o r e s t s . The work of Stephens (1956), which 
demonstrated the importance of wind thrown s o i l d i s t u r b a n c e i n 
the topography of the f o r e s t f l o o r , has l e d to many subsequent 
s t u d i e s . Brewer & M e r r i t t (1978) examined the r a t e s of mound 
formation w i t h i n temperate f o r e s t s and used t h i s to produce 
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e s t i m a t e s for the turnover time f o r the complete f o r e s t f l o o r 
s o i l . Putz (1983) has c a r r i e d out a s i m i l a r study on the Barro 
Colorado I s l a n d t r o p i c a l f o r e s t s which a l s o demonstrates the 
a b i l i t y of pioneer t r e e s p e c i e s to germinate on the s o i l mounds. 
He b e l i e v e s t h a t t h i s may be a method by which these s p e c i e s a r e 
maintained w i t h i n the t r e e canopy of t r o p i c a l f o r e s t s . 
T h i s dynamic system had been d e s c r i b e d p r e v i o u s l y by Marks 
(1974) a f t e r a study of the p i n c h e r r y (Prunus pe n n s y l v a n i c a ) i n 
the Hubbard Brook r e s e a r c h f o r e s t s . He demonstrated the a b i l i t y 
of t h i s s p e c i e s to p e r s i s t w i t h i n the community by germination 
from the seed bank w i t h i n gaps caused by f a l l e n t r e e s . He then 
put forward a simple v e r b a l model of the l i f e h i s t o r y of p i n 
c h e r r y i n r e l a t i o n to r e g u l a r minor d i s t u r b a n c e s c r e a t e d by the 
removal of s i n g l e canopy t r e e s and a l s o i r r e g u l a r major 
c l e a r a n c e s . 
The development of the topography of the mound of s o i l 
c r e a t e d by a windthrown root d i s t u r b a n c e and i t s p h y s i c a l and 
chemical c h a r a c t e r i s t i c s have been i n v e s t i g a t e d by Lutz (1940), 
Hutnik (1952) has shown how these c h a r a c t e r i s t i c s may be a 
c o n t r o l l i n g f a c t o r i n the p o s i t i o n a t which v a r i o u s s p e c i e s 
e s t a b l i s h on the mound. 
I n a t h e o r e t i c a l study Grubb (1977) has gi v e n a summary of 
the major p r o c e s s e s i n v o l v e d i n the i n v a s i o n of a canopy gap by 
seed. He a l s o l i s t s the c h a r a c t e r i s t i c s of a gap t h a t may be 
c r i t i c a l to e s t a b l i s h m e n t and s u r v i v a l of a s e e d l i n g and which 
e x e r t an i n f l u e n c e i n s e l e c t i o n of the s p e c i e s t h a t w i l l be 
s u c c e s s f u l i n c l a i m i n g the opening. The l i s t s a r e presented i n 
Table 11. 
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Table 11. The p r o c e s s e s i n v o l v e d i n c o l o n i s a t i o n of a gap and 
the c h a r a c t e r i s t i c s of the gap t h a t may i n f l u e n c e e s t a b l i s h m e n t 
(Grubb 1977). 
P r o c e s s e s C h a r a c t e r s 
Germination 
E s t a b l i s h m e n t 
Onward Growth 
Production of v i a b l e seed 
1) f l o w e r i n g 
2) p o l l i n a t i o n 
3) s e t t i n g of seed 
D i s p e r s a l of seed 
1) Through space 
2) Through time 
Time of formation 
S i z e and shape 
O r i e n t a t i o n 
Nature of the s o i l s u r f a c e 
L i t t e r p r e s e n t 
Other p l a n t s p r e s e n t 
Animals p r e s e n t 
Fungi, b a c t e r i a , v i r u s e s 
Grubb (1977) a l s o d e s c r i b e d a t h e o r e t i c a l system, based on 
d i f f e r e n c e s i n r e g e n e r a t i o n n i c h e , which a l l o w s c o e x i s t e n c e of 
two s p e c i e s , even i f one excludes the other by competition when 
of e q u i v a l e n t p h y s i o l o g i c a l age. T h i s i n c l u d e s the p o s s i b i l i t y of 
one s p e c i e s s u r v i v i n g as a seed bank and appearing w i t h i n gaps 
c r e a t e d by removal of the dominant s p e c i e s , a s i t u a t i o n s i m i l a r 
to t h a t d e s c r i b e d by Marks (1974). The seed bank s p e c i e s w i l l 
only s u r v i v e w i t h i n the community i f the r a t e s of gap formation, 
seed production and d i s p e r s a l w i t h i n a r e a s of d i s t u r b a n c e a r e i n 
a balanced e q u i l i b r i u m w i t h r a t e of decay of the seed bank. I f 
seed decay i s g r e a t e r than the l e v e l of input, or seed d i s p e r s a l 
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r e s u l t s i n a r e s t r i c t e d d i s t r i b u t i o n which does not reach the 
surrounding t r e e s and i s t h e r e f o r e unsible t o e x p l o i t the 
p o s s i b i l i t y of f u r t h e r gaps, then the seed bank s p e c i e s w i l l be 
removed from the community a t a r a t e c o n t r o l l e d by the decay and 
input parameters. 
The system d e s c r i b e d by Marks (1974) and the l i s t of 
c h a r a c t e r s given by Grubb (1977) are v e r b a l models of seed input 
to f o r e s t s o i l s by t r e e f a l l d i s t u r b a n c e s . Hypericiam pulchrum 
windthrow germination found w i t h i n the Tcimar v a l l e y coppice 
woodlands can be d e s c r i b e d i n s i m i l a r terms. I t does not, 
however, a l l o w p r e d i c t i o n of f u t u r e seed d e n s i t y w i t h i n the s o i l , 
and f o r t h i s a demographic study must be c a r r i e d out. The 
remaining p a r t of t h i s t h e s i s d e s c r i b e s the c o n s t r u c t i o n of a 
s e r i e s of computer programs designed to s i m u l a t e the dynamics of 
the Hypericum pulchrum seed bank beneath woodlands, together w i t h 
the experiments necessary to e s t i m a t e the v a l u e s of the 
parameters used i n the model. The model can be used to 
i n v e s t i g a t e the e f f e c t s of a l t e r a t i o n s of i n d i v i d u a l parameters 
on f u t u r e p l a n t and propagule d e n s i t i e s . 
The model s i m u l a t e s changes i n the coppice wood stand by 
f o l l o w i n g the growth and m o r t a l i t y of i n d i v i d u a l t r e e s . I t a l s o 
reproduces the development of the seed bank beneath the canopy, 
t a k i n g account of both decay r a t e s and windthrown seed input to 
the s o i l . S e c t i o n 2.2 reviews t h e . l i t e r a t u r e and b r i e f l y 
d e s c r i b e s the s t r u c t u r e of the programs, w h i l e subsequent 
s e c t i o n s d e s c r i b e those programs i n g r e a t e r d e t a i l . 
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2.2 L i t e r a t u r e Review. 
2.2.1 Models s i m u l a t i n g woodland stand growth. 
S i m u l a t i o n of woodland stands u s i n g mathematical models has 
followed f i v e main methods: y i e l d t a b l e s , d i f f e r e n t i a l and 
d i f f e r e n c e equations, s t o c h a s t i c p r o c e s s e s , d i s t r i b u t i o n a l 
methods and i n d i v i d u a l t r e e s i m u l a t i o n s . A comprehensive review 
i s provided by Monserud (1975). 
The f i r s t four methods a l l i n v o l v e the use of equations which 
s i m u l a t e mean stand parameters. They model development by 
producing g i r t h c l a s s changes, d i s t r i b u t i o n a l t e r a t i o n s and 
y i e l d s f o r the stand as a s i n g l e u n i t . There i s no c o n s i d e r a t i o n 
of i n d i v i d u a l t r e e s w i t h i n the stand and the models t h e r e f o r e 
l a c k the s e n s i t i v i t y which t h i s p r o v i d e s . 
I n c o n s i d e r i n g windthrown t r e e m o r t a l i t y w i t h i n woodland 
stands an i n d i v i d u a l t r e e growth model i s r e q u i r e d . T h i s type of 
s i m u l a t i o n c o n s i d e r s each t r e e as a s e p a r a t e u n i t . The models 
f a l l i n t o two c a t e g o r i e s dependent on whether i n t e r t r e e d i s t a n c e s 
are used w i t h i n the s i m u l a t i o n . 
i ) D i s t a n c e dependent i n d i v i d u a l t r e e s i m u l a t i o n s . 
I n t h i s category of model, i n t e r t r e e d i s t a n c e s a r e a s s e s s e d 
w i t h i n the stand and used i n c a l c u l a t i o n of a competition index 
f o r each t r e e which r e l a t e s the growth of a t r e e to the amount of 
competition which i t e x p e r i e n c e s from a l l surrounding t r e e s . I n 
the s i m u l a t i o n s of Newnham (1964) and Monserud (1975), growth of 
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a t r e e i s a f u n c t i o n of i t s p o t e n t i a l growth and i t s competition 
index. P o t e n t i a l growth i s e s t a b l i s h e d by measuring the growth of 
a t r e e of e q u i v a l e n t g i r t h i n a competition f r e e environment. 
T h i s i s then reduced by the amount of competition r e c e i v e d from 
the neighbours w i t h i n the stand, by use of the index. 
The r e s u l t s of t h i s form model can be used to a s s e s s v a r i o u s 
management regimes by a l t e r a t i o n of the c o n t r o l l i n g parameters. 
I t would provide the i d e a l model f o r the s i m u l a t i o n of the 
Hypericum pulchrum seed bank dynamics beneath a t r e e stand. 
U n f o r t u n a t e l y when using t h i s model format t h e r e i s a p e n a l t y i n 
the l a r g e amounts of data t h a t must be c o l l e c t e d over a number of 
y e a r s and from v a r i o u s hc i b i t a t s i n order to o b t a i n any degree of 
a c c u r a c y . The models are a l s o c o m putationally complex, e s p e c i a l l y 
when edge e f f e c t s are c o n s i d e r e d , r e q u i r i n g l a r g e amounts of 
computer space and time. For the l i m i t e d requirements of the 
Hypericum survey a l e s s complex s i m u l a t i o n method i s adequate. 
i i ) D i s t a n c e independent i n d i v i d u a l t r e e growth models. 
As w i t h the p r e v i o u s models t h i s s i m u l a t i o n method c o n s i d e r s 
each t r e e as an i n d i v i d u a l u n i t . However t r e e s are grown 
acc o r d i n g to t h e i r r e l a t i o n s h i p w i t h mean stand parameters r a t h e r 
than i n t e r t r e e d i s t a n c e s . T h i s method l a c k s the s e n s i t i v i t y of 
d i s t a n c e dependent models but i s computationally f a s t e r due to a 
r e d u c t i o n i n complexity; t h i s i s p a r t i c u l a r l y the case when 
hardwood s p e c i e s dynamics ar e s i m u l a t e d . Softwood s p e c i e s a r e 
u s u a l l y c o n s i d e r e d to have c i r c u l a r canopies and a r e modelled 
wi t h c o n i c shapes or c i r c u l a r a r e a s of i n f l u e n c e . 
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T h i s s i m p l i f i c a t i o n when a p p l i e d to the i r r e g u l a r canopy 
s t r u c t u r e of a hardwood t r e e i s d i f f i c u l t to j u s t i f y . The t r e e 
should i d e a l l y be c o n s i d e r e d on the b a s i s of independent s e c t o r s 
of canopy each s u b j e c t to a s e p a r a t e competition index. T h i s 
would then reproduce the form of t r e e o f t e n found i n the Tamar 
woodland coppice stands, i n which a v e r t i c a l l i n e from the canopy 
c e n t r e to the f o r e s t f l o o r f a l l s s e v e r a l metres from the base of 
the t r e e owing to s u b s t a n t i a l l y g r e a t e r e x t e n s i o n growth on one 
s i d e . Programs which produce canopy growth i n independent s e c t o r s 
a r e complex and t h e r e f o r e the TREFAL s i m u l a t i o n used a simple 
c i r c u l a r canopy. 
2.2.2 The s i m u l a t i o n of seed ban)c dynamics. 
The measurement of the d e n s i t y of v i a b l e seeds i n the s o i l 
has been a recognised procedure s i n c e the s t u d i e s of Brenchley 
and Warington (1930). P a r t of t h i s r e s e a r c h has involved s t u d i e s 
of the seed bank d e n s i t i e s of s o i l s beneath n a t u r a l temperate 
woodlands (Johnson 1975, Whipple 1978, Petrov 1977); of managed 
woodlands ( Brown and O o s t e r h u i s 1981, H i l l and Stevens 1981 ) ; 
and t r o p i c a l f o r e s t s (Guervara- and Gomez Pompa 1972, Putz 1983). 
The m a j o r i t y of s t u d i e s have e s t a b l i s h e d only the i d e n t i t y , 
d e n s i t y and degree of contagion of the s p e c i e s p r e s e n t i n the 
seed bank. However, with i n c r e a s e d knowledge of the importance of 
seed banks w i t h i n communities, r e c e n t work has i n v o l v e d the 
r e c o g n i t i o n of budgets of seed input and l o s s from the s o i l 
(Kellman 1974, Sarukhan 1974, Van Baalen 1982). 
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Sagar and Mortimer (1976) used data from s e v e r a l demographic 
s t u d i e s of p l a n t p opulations to produce a model i n the form of a 
flow diagram of l i f e h i s t o r y s t a g e s . T h i s has been used to 
i d e n t i f y the parameters which should be measured f o r the 
demographic study of a p l a n t s p e c i e s and was used by Van Baalen 
(1982) i n a study of D i g i t a l i s purpurea. The flow diagram model 
a l l o w s comparison of the l i f e h i s t o r i e s of a range of s p e c i e s i n 
d i f f e r i n g environments (Sagar and Mortimer 1976). 
T h e o r e t i c a l mathematical models of the i n f l u e n c e of a seed 
bank on l i f e h i s t o r y have been c o n s t r u c t e d by Cohen(1966), 
MacDonald & Watkinson (1981) and L e v i n (1977). They have been 
used to i n v e s t i g a t e the s e l e c t i v e f a c t o r s a c t i n g on annual p l a n t s 
i n terms of d i s p e r s a l , germination percentage and s u r v i v o r s h i p 
p r o b a b i l i t i e s . 
The advent of the computer, w i t h i t s a b i l i t y to perform l a r g e 
numbers of c a l c u l a t i o n s i n a s h o r t p e r i o d of time, now a l l o w s 
c o n s t r u c t i o n of s i m u l a t i o n programs which f o l l o w the form of 
Sagar and Mortimer's (1976) flow diagrams. Parameters surveyed i n 
the n a t u r a l environment can be modelled to reproduce measured 
r a t e s of development with c o n t r o l l e d degrees of s t o c h a s t i c 
v a r i a t i o n . A l t e r a t i o n s of s i m u l a t i o n parameters, i n c o n j u n c t i o n 
with use of the Monte C a r l o technique of e s t a b l i s h i n g the 
p r o b a b i l i t y of the v a r i o u s outcomes, can then be used t o a s s e s s 
the s t a b i l i t y of the modelled system. 
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2.2,3 S t r u c t u r e of the s e l e c t e d model format. 
A f t e r e v a l u a t i o n of the v a r i o u s methods a v a i l a b l e for the 
s i m u l a t i o n of the growth and development of a woodland stand, i t 
was apparent t h a t due to the r e s t r i c t e d time a v a i l a b l e f o r the 
production of a d i s t a n c e dependent model, a d i s t a n c e independent 
model should be used. 
The seed bank model chosen f o r the study i s a s i m p l i f i c a t i o n 
of t h a t of Cohen(1966). 
S = S - D + I 
(t+1) ( t ) ( t ) 
where 
S - seed bank d e n s i t y a t any p o s i t i o n 
w i t h i n the stand s o i l a r e a . 
D - annual decay of the seed bank 
I - input i n any year from windthrown t r e e s 
t - time i n y e a r s . 
The seed bank model i s a m o d i f i c a t i o n of many previous 
s t u d i e s , i n t h a t i t i s designed as an a r e a of s o i l over which the 
t r e e stand i s superimposed. T h i s a l l o w s an assessment of the 
development of the s p a t i a l d i s t r i b u t i o n p a t t e r n s of the seeds i n 
the s o i l w i t h r e s p e c t to decay and f a l l i n p u t . T h i s i s an a r e a 
which has not p r e v i o u s l y been con s i d e r e d i n seed bank dynamics, 
but which i s of c o n s i d e r a b l e importance to the continued 
e x i s t e n c e of a seed bank of Hypericum pulchrum beneath the 
coppice canopy. 
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The woodland windthrow - seed bank s i m u l a t i o n system was 
produced i n the form of thr e e s e p a r a t e programs, each w r i t t e n i n 
F o r t r a n 77. These are r e s p o n s i b l e f o r 
1) c o n s t r u c t i o n of the woodland coppice stand 
2) c o n s t r u c t i o n of the stand seed bank 
3) s i m u l a t i o n of the growth and development of the 
woodland stand and the decay and input to 
the s o i l seed bank. 
An i l l u s t r a t i o n of the thr e e main programs and the i n t e r f a c e 
f i l e s i s presented i n Fi g u r e 27. 
1) WOODLAND: 
T h i s program s i m u l a t e s the woodland stand to be used i n the 
model TREFAL. An ar e a of s o i l of 51 x 51 m i s produced w i t h i n the 
computer memory, designed i n the form of a 170 x 170 a r r a y g r i d , 
each square r e p r e s e n t i n g a 30 x 30cm ar e a of s o i l . These v a l u e s 
were used to employ the l a r g e s t number of g r i d squares t h a t c o u l d 
be held i n the computer's v i r t u a l memory, and consequently the 
g r e a t e s t p o s s i b l e degree of accuracy i n the s i m u l a t i o n . Using 
data s u p p l i e d by the operator the t r e e s a r e s c a l e d to f i t w i t h i n 
the a r e a of the stand, e n s u r i n g no o v e r l a p of canopies; the 
c o n d i t i o n found w i t h i n n a t u r a l coppice s t a n d s . T r e e s of the 
r e q u i r e d s i z e a r e p o s i t i o n e d a t random on the a r r a y g r i d s q u a r e s . 
The model c r e a t e s a f i l e TREES which s t o r e s the t r e e g r i d 
p o s i t i o n s and g i r t h measurements f o r use i n the s i m u l a t i o n of 
stand-seed bank i n t e r a c t i o n s . 
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F i g u r e 27. A d e s c r i p t i o n of the r e l a t i o n s h i p s between 
the programs and f i l e s of the complete 
s i m u l a t i o n model. 
11. dataj 
WOODLAND 
[~ d e n s i t y ] (b) 
] parametersj 
CONBANK (d) 
I t r e e s ! (e) 1 c.bankl!- ( f ) 
j_c J3ank2 ! 
r r a t e "j(g) 
I parameters 
windthrow 
g i r t h s and 
p o s i t i o n s 
TREP 
I f i n a l t r e e I 
i p o s i t i o n s j 
i F.TREES i 
TREFAL 
t r e e d i s t r i b u t i o n 
developments 
GCLASS 
I data fromi 
! run ] 
RUN.RES 
f i n a l 
seed bank 
d e n s i t i e s 
BAN.RESl 
BAN.RES2 
j d a t a on year j 
:and p o s i t i o n 
.'of the f a l l s 
FALL.DATA 
OUTPUT ( j ) 
I f i n a l seed bank f i l e s I 
IFBANKI, FBANK2, FBANK3 j 
iFBANK4, FBANK5, FBANK6 I 
(k) 
c o n t r o l f i l e s 
s i m u l a t i o n programs 
output f i l e s 
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2) CONBANK: 
By use of the seed d i s p e r s a l p a t t e r n of Hypericum pulchrum, 
measured i n a n a t u r a l coppice stand, CONBANK c r e a t e s a simula t e d 
seed bank. T h i s i s c a r r i e d out by superimposing the d i s p e r s a l 
p a t t e r n r e p e a t e d l y on the 170 x 170 a r r a y g r i d , u n t i l the 
d e n s i t y r e q u i r e d for t h a t stand's s o i l i s reached. Adjustment to 
the CONBANK parameters a l l o w s r e g u l a t i o n of the d e n s i t y and 
v a r i a n c e of the seed bank c r e a t e d by t h i s program. 
The f i l e s C.BANKl and C.BANK2 c o n t a i n the si m u l a t e d seed bank 
comparable to t h a t of n a t u r a l woodland stands of s i m i l a r age. Two 
f i l e s hold the seed bank s i n c e a 170 x 170 matrix g r i d of the 
s i z e r e q u i r e d by the model i s too b i g f o r the input and output 
o p e r a t i o n s of the computer system. 
3) TE^FAL: 
TREFAL uses the f i l e s c r e a t e d by WOODLAND and CONBANK to 
c r e a t e a s i m u l a t i o n which combines both canopy t r e e s and the seed 
bank. I t models the woodland development i n the form of growth, 
s e l f t h i n n i n g and random windthrow, according to parameters 
measured by the operator i n the surveyed coppice woods. T r e e f a l l 
reinforcement of the seed bank i s reproduced w i t h i n the 
s i m u l a t i o n i n a s s o c i a t i o n w i t h the annual l o s s by decay of seeds 
from the s o i l . 
The f i n a l output i s a s e r i e s of f i l e s c o n t a i n i n g the f i n a l 
seed bank s p a t i a l p a t t e r n , the remaining t r e e p o s i t i o n s and the 
developments through which the s i m u l a t i o n has passed i n r e a c h i n g 
the f i n a l s t a t e . 
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2.3 WOODLAND - the coppice stand s i m u l a t o r 
The program WOODLAND i s designed to c r e a t e a f i l e ( TREES ) 
co n t a i n i n g the parameters d e s c r i b i n g a simulated coppice s t a n d . 
2.3.1 WOODLAND theory 
Through wind damage, c r e a t e d by movement of ad j a c e n t 
branches, the canopies of the t r e e s w i t h i n a n a t u r a l l y s e l f 
t h i n n i n g coppice stand a r e not overlapping; WOODLAND a l l o w s f o r 
t h i s . TREFAL, the program i n which the woodland stand i s t o be 
used, i s a d i s t a n c e independent model; i t does not use canopy 
shape or s i z e i n the c a l c u l a t i o n of stand development r a t e s . T h i s 
a l l o w s the removal o f many computational c o m p l e x i t i e s by the use 
of c i r c u l a r canopy shapes for each t r e e . T h i s s i m p l i f i c a t i o n 
l e a d s t o a d i f f i c u l t y i n s c a l i n g of the sum of the canopy a r e a s 
of the t r e e s t o match the t o t a l a r e a of the model stand. The 
requirement f o r no o v e r l a p and the use of c i r c u l a r canopies 
ensures t h a t t h e r e w i l l be wastage between the t r e e s a r e a s 
( F i g u r e 2 8 ) . T h i s must be taken i n t o c o n s i d e r a t i o n i n the s c a l i n g 
c a l c u l a t i o n s . 
WOODLAND makes the assumption t h a t canopy a r e a of any t r e e i n 
a stand i s p r o p o r t i o n a l to i t s g i r t h . 
i e . Canopy a r e a = TTC 
Where C i s a con s t a n t and G the t r e e g i r t h 
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The model uses t h i s r e l a t i o n s h i p i n the c a l c u l a t i o n of the 
s c a l a r r e q u i r e d to encible any d i s t r i b u t i o n of t r e e s to be 
arranged w i t h i n the simul a t e d stand a r e a . 
Within a s e l f t h i n n i n g coppice stand the dominant f a c t o r 
l i m i t i n g growth i s the energy d e r i v e d from the a v a i l a b l e canopy 
a r e a . Those t r e e s which capture g r e a t e r a r e a s of canopy space 
w i l l grow f a s t e r . The use of a s c a l a r r e l a t i n g canopy area ( i n 
g r i d u n i t s ) to g i r t h , makes allowance f o r t h i s f a c t by producing 
the g r e a t e s t canopy a r e a s f o r the l a r g e s t t r e e g i r t h s . 
F i g u r e 28. an example of the wastage between c i r c u l a r 
canopies when f i t t i n g them to a stand area 
Stand 
Boundary 
Canopy a r e a 
Wastage 
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2.3.2 Parameter d e r i v a t i o n 
Coppice stands were surveyed u s i n g a 51 x 51 m quadrat s i z e 
matching t h a t of the s i m u l a t i o n . Each quadrat was l a i d out w i t h i n 
the a r e a of the stand to be s t u d i e d i n a p o s i t i o n which removed 
the edge e f f e c t s of r i d e s and c l e a r f e l l e d land. The g i r t h s of a l l 
canopy t r e e s w i t h i n the quadrat were then measured a t 1.3 m above 
ground l e v e l and the data, a f t e r s e p a r a t i o n i n t o 10cm g i r t h 
c l a s s e s used, to c r e a t e the WOODLAND c o n t r o l f i l e TDATA. 
TDATA a l l o w s the operator to use WOODLAND to c r e a t e , i n 
simulate d form, any surveyed coppice stand. The f i l e c o n t a i n s the 
parameters r e q u i r e d by the model to produce a known d i s t r i b u t i o n 
of g i r t h c l a s s e s . These are 
1. the number of g i r t h c l a s s e s . 
2. the s m a l l e s t c l a s s s i z e (cm). 
3. the c l a s s i n t e r v a l (cm). 
4. the frequency of t r e e s i n each c l a s s . 
2.3.3 WOODLAND Model procedures 
A flow diagram p r e s e n t i n g the e s s e n t i a l f e a t u r e s o f WOODLAND 
i s i l l u s t r a t e d i n F i g u r e 30. A l i s t i n g of WOODLAND i s provided i n 
Appendix 7. 
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i ) S c a l i n g of the canopy a r e a s . 
The s i z e of the l a r g e s t two dimensional, square a r r a y 
a v a i l a b l e on the Plymouth P o l y t e c h n i c PRIME 9950 computer i s 170 
X 170 u n i t s . I n order to u t i l i s e t h i s a r e a each u n i t i s s e t to 
correspond to a 30 x 30 cm a r e a of s o i l . T h i s t h e r e f o r e produces 
a 51 X 51 m s i m u l a t i o n a r e a w i t h i n the models WOODLAND, CONBANK 
and TREFAL. Each square w i t h i n the a r r a y i s r e f e r r e d to by 
C a r t e s i a n c o o r d i n a t e s w i t h an i n v e r t e d Y a x i s ( F i g u r e 29 ) . 
F i g u r e 29 The C a r t e s i a n c o o r d i n a t e s used i n i d e n t i f y i n g the 
seed bank g r i d squares. 
(1,1) (1,2) (1,170) 
(2,1) (2,2) (2,170) 
(170,1) (170,170) 
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F i g u r e 30. A flow diagram of the main p r o c e s s e s used 
to c r e a t e the t r e e s by WOODLAND. 
F i l e TDATA. 
NS g i r t h c l a s s e s = c 
S m a l l e s t c l a s s s i z e = sm 
C l a s s increment = i 
Frequency of c l a s s e s = Fc 
C a l c u l a t e c l a s s s i z e s 
u s i n g sm,i and c 
C a l l S c a l e 
C l a s s = sm 
F r = Fc C l a s s X 
CF = 1 
Subroutine S c a l e 
I C a l c u l a t e the s c a l e f a c t o r 
r e q u i r e d to f i t a l l t r e e 
canopies i n t o the stand 
a r e a 
C a l c u l a t e canopy r a d i u s 
^ S e l e c t random g r i d c o o r d i n a t e s 
Check new g r i d c o o r d i n a t e s 
and the canopy w i t h a l l 
p r e v i o u s l y s i t e d t r e e s . 
CF-CF+1 
o v e r l a p — I 
no o v e r l a p 
S t o r e t r e e p o s i t i o n , g i r t h 
and canopy r a d i u s . 
N o — X = L a r g e s t c l a s s 
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I n order to p o s i t i o n a l l the t r e e s of the given stand 
d i s t r i b u t i o n w i t h i n the si m u l a t e d a r e a , a s c a l a r ,K, i s 
enumerated by SUBROUTINE SCALE. 
I f i t i s assumed t h a t f or a s i n g l e t r e e 
Canopy a r e a = TTC 
then the t o t a l stand canopy a r e a i s given by 
i=N 
T o t a l canopy a r e a = TT C ^ G,^  
i = l 
where N i s the number of t r e e s i n the stand. The simulated stand 
a r e a i s 170 x 170 g r i d u n i t s or 28900 x 900 cm^ , and the s c a l a r 
r e l a t i n g the t o t a l canopy a r e a to t h a t of the s o i l a r e a i s given 
by 
k = / 28900 X 900 
i f 
then K = /28900 
where k and C a r e c o n s t a n t s and K the r e q u i r e d s c a l a r a l s o a 
con s t a n t 
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T h i s i s the i d e a l case i n which t r e e canopies are a p e r f e c t 
f i t t o the s o i l a r e a . I n the s i m u l a t i o n model the use of c i r c u l a r 
canopies r e s u l t s i n waste between t r e e s . T h i s must be allowed f or 
by a r e d u c t i o n i n the stand a r e a w i t h i n the s c a l i n g equation. A 
re d u c t i o n to 70% of the o r i g i n a l a r e a i s found to be adequate. 
K = / 28900 X 0.7 
i = N 
i = 1 
i i ) Tree s i m u l a t i o n . 
Stand t r e e s are p o s i t i o n e d on the 170 x 170 a r r a y g r i d a t 
random, the only c o n d i t i o n being t h a t there i s no ove r l a p of 
canopies. Coordinates a r e s e l e c t e d a t random from the a r r a y g r i d 
X and y axes (1-170) f o r each t r e e . The p o s i t i o n chosen i s then 
checked by SUBROUTINE CHECK, to ensure t h a t placement of the t r e e 
a t t h a t point does not produce an o v e r l a p of canopies with any 
p r e v i o u s l y s e t t r e e . Overlap i s found by c a l c u l a t i o n of the 
d i s t a n c e between t r e e s , u s i n g t h e i r a r r a y g r i d p o s i t i o n s . 
2 2 
D=/( Xi - Xj ) + { Y i - Y j ) 
D i s the d i s t a n c e i n a r r a y u n i t s between t r e e s , X i and Y i a r e 
the C a r t e s i a n c o o r d i n a t e s of t r e e i on the g r i d 
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I f the d i s t a n c e between t r e e s i s g r e a t e r than the sum of 
t h e i r canopy r a d i i 
D > ( K.Gi + K.Gj) 
where G i , Gj a r e the g i r t h s of t r e e s i and j , t h e n there i s no 
o v e r l a p and the t r e e p o s i t i o n and g i r t h a r e recorded. 
I f D < ( K.Gi + K.Gj) 
the p o s i t i o n i s r e j e c t e d and a new s e t of g r i d c o o r d i n a t e s 
c a l c u l a t e d . 
To ensure t h a t t h e r e i s s u f f i c i e n t room to p o s i t i o n the 
l a r g e s t of the canopies w i t h i n the stand, t r e e s a r e p o s i t i o n e d i n 
order of s i z e c l a s s e s w i t h the l a r g e s t c l a s s e s f i r s t and the 
s m a l l e s t s e t around them.. 
O c c a s i o n a l l y i t i s found t h a t a f t e r a number of attempts a t 
p l a c i n g a t r e e on the g r i d no p o s i t i o n has been found to s e t i t . 
I n t h i s i n s t a n c e SUBROUTINE SCAN i s c a l l e d . T h i s r o u t i n e checks 
a l l p o s i t i o n s on the g r i d i n an attempt to f i t the t r e e . I f a 
p o s i t i o n where th e r e i s no o v e r l a p i s found the t r e e i s p l a c e d 
t h e r e . I f however due to the p a t t e r n of t r e e s a l r e a d y present 
t h e r e i s no space to p l a c e the r e q u i r e d s i z e of t r e e the program 
s t o p s . I f t h i s o c c u r s during a run two options are a v a i l a b l e : 
Rerun the program to produce a new s e t of data p o i n t s or, i f the 
problem r e c u r s , then a d j u s t the r e d u c t i o n percentage t o i n c r e a s e 
the allowance f o r waste around the c i r c u l a r canopies. 
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i i i ) WOODLAND Output. 
A f t e r completion of a run the program produces the f i l e TREES 
For each simulated stand t h i s c o n t a i n s 
1. the X coordinate of each t r e e 
2. the y c o o r d i n a t e of each t r e e 
3. the g i r t h of each t r e e 
4. the a d j u s t e d canopy r a d i u s for each t r e e . 
the f i n a l parameter i s used i n checking the program r e s u l t s . 
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2.4 CONBANK the contagious seed bank s i m u l a t o r 
I n order to si m u l a t e the changes t a k i n g p l a c e i n the 
Hypericum pulchrum seed populations beneath s e l f t h i n n i n g coppice 
woods, TREFAL r e q u i r e s a model seed bank of known d e n s i t y and 
s p a t i a l v a r i a n c e . T h i s i s provided by the computer s i m u l a t i o n 
CONBANK. The model uses a Hypericum pulchrum seed d i s p e r s a l 
p a t t e r n , d e r i v e d from the woodlands of the Tamar V a l l e y , to 
reproduce the d e s i r e d d i s t r i b u t i o n w i t h i n the si m u l a t e d seed bank 
matrix. 
2.4.1 Theory. 
Disturbance of the s o i l by coppicing a l l o w s Hypericum 
pulchrum seeds to germinate, flower and d i s p e r s e f r e s h seed to 
the surrounding s o i l . T h i s 'new' component of the seed bank can 
be assumed to be the r e s u l t of the overlapping seed shadows of an 
approximately random d i s t r i b u t i o n of Hypericum p l a n t s . As a 
r e s u l t of d i f f e r i n g seed production f o r each p l a n t , t h e r e i n f o r c e d 
seed bank w i l l be a complex p a t t e r n of v a r y i n g d e n s i t i e s . 
Obviously t h i s i s extremely d i f f i c u l t to s i m u l a t e . A 
s i m p l i f i c a t i o n must be a r r i v e d a t which produces the r e q u i r e d 
seed bank mean and v a r i a n c e . I n order to ac h i e v e t h i s , the seed 
d i s t r i b u t i o n p a t t e r n f o r Hypericum pulchrum was measured i n the 
coppice stands of the T a v i s t o c k Woodland E s t a t e , These data were 
then used to produce a model seed bank by r e p e a t e d l y 
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superimposing the measured d i s t r i b u t i o n a t random on the seed 
bank a r r a y to be used by TREFAL. Adjustment of the d e n s i t y of 
seed input by use of a s c a l a r a l l o w s the mean and v a r i a n c e 
generated by the model to be a l t e r e d . 
2.4.2 Parameter d e r i v a t i o n 
i ) Mean and v a r i a n c e of the i n i t i a l seed bank 
The r e s u l t s i l l u s t r a t e d i n F i g u r e 17 show t h a t there i s a 
c o n s i d e r a b l e v a r i a t i o n i n the e s t i m a t e s of seed bank d e n s i t y i n 
the younger s t a n d s . T h i s i s due to both v a r i a t i o n w i t h i n the 
woodland s o i l and the sample e r r o r s of the survey technique. 
I n order to d e r i v e a value f o r the seed bank d e n s i t y of a 
younger coppice stand of given age, a r e g r e s s i o n of the f i r s t 
f i v e data p o i n t s was c a l c u l a t e d . The d e r i v e d r e g r e s s i o n equation 
( see a l s o F i g u r e 47) can be used to determine the seed bank 
d e n s i t y of Hypericum beneath ( f o r example) a 35yr o l d canopy. 
Log (Density) = 3.99 - 0,0283 (Age) 
for Age = 35 y r s Densit y = 999 seeds / m^ 
The s p a t i a l v a r i a t i o n , d e s c r i b e d by the v a r i a n c e , can then be 
c a l c u l a t e d by s u b s t i t u t i o n i n t o the T a y l o r s power r e l a t i o n s h i p 
d e r i v e d i n S e c t i o n 1,10 
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hoq (V) = 1.618 Log (Mean) + 0.367 
Var i a n c e = 166070 for 999 seeds / 
These v a l u e s must be simulated by the CONBANK model for a 35 year 
ol d coppice woodland seed bank. 
i i ) The seed d i s p e r s a l p a t t e r n f o r Hypericum pulchrum 
Theory 
Measurement of the p a t t e r n of seeds deposited on to the s o i l 
by Hypericum pulchrum r e q u i r e s l i n e s of s t i c k y t r a p s p o s i t i o n e d 
a t s e t d i s t a n c e s from the base of a s e r i e s of p l a n t s . To conform 
to the c o n d i t i o n s under which the young coppice seed banks a r e 
formed, t h i s should be c a r r i e d out i n a newly c l e a r e d coppice 
stand i n which r e g e n e r a t i o n o f the s t o o l s i s t a k i n g p l a c e . I n 
r e a l i t y the number of Hypericum pulchrum p l a n t s r e l e a s i n g seeds 
i n t o t h i s environment i s s u f f i c i e n t to mask the d i s p e r s a l p a t t e r n 
fo r any s i n g l e p l a n t . 
To remove t h i s background seed production, t h r e e seed b e a r i n g 
Hypericum pulchrum p l a n t s were t r a n s f e r r e d to l a r g e t r e e f a l l gaps 
w i t h i n the Wareham Wood coppice s t a n d s . There were no other 
Hypericum p l a n t s i n these gaps. 
I n f r e s h l y c l e a r e d coppice the r e g e n e r a t i n g s t o o l s and 
remaining standards w i l l cause wind speeds to d i f f e r from those 
of c l e a r f e l l e d a r e a s . T h i s d i f f e r e n c e w i l l be i n c r e a s e d as the 
s t o o l s put on the r a p i d regrowth c h a r a c t e r i s t i c of the coppice 
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shoots ( Rackhcim 1980 ) , The use of l a r g e canopy gaps c r e a t e d by 
t r e e f a l l s w i l l t h e r e f o r e produce a b e t t e r e s t i m a t i o n of the wind 
environment of newly c l e a r e d coppice a r e a s , when compared to t h a t 
d e r i v e d from the a d j a c e n t c l e a r f e l l e d s t ands. 
Methods 
Three Hypericum pulchrum p l a n t s bearing seed were e x t r a c t e d 
w i t h s u f f i c i e n t s o i l to ensure continued s u r v i v a l from c l e a r 
f e l l e d a r e a s of Wareham Wood. The p l a n t s were pl a c e d i n d i v i d u a l l y 
i n f lower pots and each p o s i t i o n e d a t the c e n t r e of the l a r g e s t 
a r e a of a t r e e f a l l gap f r e e of the f a l l e n t r e e . 
Traps made from 10 x 20 cm and 30 x 20 cm sheet hardboard, 
coated i n aluminixim f o i l , were p l a c e d i n a c i r c u l a r p a t t e r n 
around each p l a n t ( F i g u r e 3 1 ) , each h e l d i n p l a c e by a s i x i n c h 
n a i l through the c e n t r e . Using a p a i n t brush t r e e grease was 
a p p l i e d to each board a f t e r which 1 cm b i r d net, c u t i n t o 5 x 1 m 
lengths was supported on wire hoops over the t r a p l i n e s . T h i s 
cover allowed a c c e s s to the t r a p s by seeds but prevented l e a v e s 
from reducing the e f f e c t i v e t r a p p i n g a r e a . 
Traps were l a i d i n June 1984 and c o l l e c t e d a f t e r complete 
seed d i s p e r s a l i n December of the same y e a r . 
During the f i r s t two weeks of t r a p p i n g , the seed bearing 
stems were shed from a l l the p l a n t s i n the c l e a r f e l l e d a r e a and 
two of those t r a n s p o r t e d to t r e e f a l l gaps. T h i s r e s u l t e d i n 
r e s t r i c t e d d i s p e r s a l of the seeds, c o n f i n i n g them to the 
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F i g u r e 31. The c o n f i g u r a t i o n of t r a p s used to measure 
the seed d i s p e r s a l p a t t e r n of Hypericum pulchrum 
• • • • • • • • m • • • • • • • • 
• 20x10 cm t r a p s 
A 3 0 x 2 0 cm t r a p s 
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immediate v i c i n i t y (10 - 20 cm) of the Hypericum p l a n t s . T h i s 
phenomenon d i d not occur f o r the remaining experimental p l a n t , 
nor those p l a n t s producing seed on the t r e e f a l l s w i t h i n the 
coppice s t a n d s . Such shedding of c a p s u l e s has not been observed 
i n p r e v i o u s y e a r s or subsequently. I t i s p o s s i b l e t h a t the s e v e r e 
drought i n the South West i n 1984 made the stems of p l a n t s i n the 
c l e a r f e l l e d a r e a s b r i t t l e and r e s u l t e d i n t h i s shedding. 
Trapping of seeds was t h e r e f o r e abandoned for a l l but the p l a n t 
on which the c a p s u l e s were r e t a i n e d . 
A f t e r l i f t i n g the t r a p s were returned to the l a b o r a t o r y . The 
f o i l was removed from the boards and the l a r g e r p i e c e s of d e b r i s 
( l e a v e s and twigs e t c ) removed. Each i n d i v i d u a l t r a p was 
t r e a t e d by c u t t i n g of the t r e e grease covered f o i l i n t o 4cm wide 
s t r i p s , which were then p l a c e d i n a bath c o n t a i n i n g 50 cm^ of 
xylene and l e f t to soak f o r 20 minutes. The xylene d i s s o l v e s the 
t r e e grease and removes the trapped seeds from the f o i l . The 
r e s u l t i n g mixture was then passed through a f i l t e r paper to 
c o l l e c t the o r g a n i c matter which was washed i n a l c o h o l and 
f i n a l l y water. The r e s i d u e , separated from the f i l t e r paper by 
hand, was p l a c e d i n the s o i l washing apparatus d e s c r i b e d i n 
S e c t i o n 1.4.3 i i , and washed on to the c o l l e c t i n g s i e v e . T h i s 
removed a l l p a r t i c l e s f i n e r than 1mm i n diameter. The remaining 
d e b r i s were p l a c e d i n a p e t r i d i s h and hand s o r t e d using a 
b i n o c u l a r microscope to e x t r a c t a l l the Hypericum pulchrum seeds. 
143-
R e s u l t s and d i s c u s s i o n . 
The numbers of seeds per t r a p measured a t v a r i o u s d i s t a n c e s 
from the Hypericum p l a n t are presented i n F i g u r e 32. 
The measured d i s t r i b u t i o n i s b i a s e d towards the south of the 
p l a n t , which may be a r e f l e c t i o n of e i t h e r the predominant 
turbulance p a t t e r n s i n the gap or the p r e v a i l i n g winds. The 
d e n s i t y i s a t a maximum beneath the p l a n t , dropping q u i c k l y w i t h 
i n c r e a s e d d i s t a n c e from the c e n t r e , t o a maximum range of 2 m. 
Fi g u r e 33 p r e s e n t s the data f o r a l l t r a p s , converted to the 
d e n s i t y of seeds per cm 2 , p l o t t e d a g a i n s t d i s t a n c e from the 
p l a n t . T h i s measured seed input p a t t e r n p r o v i d e s the b a s i s f o r 
the CONBANK s i m u l a t i o n program. 
The r e s u l t s of the seed t r a p p i n g a r e comparable with those of 
the s o i l t r a n s e c t data f o r t r e e f a l l s measured i n S e c t i o n 1.9.2 b 
( F i g u r e s 20 & 21 ) , although d i s p e r s a l from t r e e f a l l s extends t o 
g r e a t e r d i s t a n c e s from the p l a n t owing to the hei g h t of the 
di s t u r b a n c e mound. With i n c r e a s i n g g i r t h of the f a l l e n t r e e and 
t h e r e f o r e s i z e of the s o i l mound, p l a n t s which germinate and 
e s t a b l i s h a t hei g h t w i l l shed seeds which d i s p e r s e t o g r e a t e r 
d i s t a n c e s . T h i s i s due to both the i n c r e a s e d time taken f o r seeds 
to r e a c h the s o i l during d i s p e r s a l and f a s t e r wind speeds which 
are r e l a t e d to height above the s o i l s u r f a c e . 
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F i g u r e 32. The frequency of seeds trapped a t d i s t a n c e s of up to 
2 m from a Hypericum pulchrum p l a n t 
16 32 93 179 76 1 
X 30 x 20 cm t r a p s 
20 X 10 cm t r a p s 
N 
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F i g u r e 33. The d e n s i t y of Hypericum pulchrum seeds f a l l i n g 
per cm^ of t r a p a r e a a t i n c r e a s i n g d i s t a n c e s 
from the source p l a n t . 
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2.4.3 S i m u l a t i o n of the Hypericum pulchrum seed bank 
I n order to produce a seed bank of given seed d e n s i t y CONBANK 
f i r s t e s t a b l i s h e s the 170 x 170 matrix of 30 x 30 cm simulated 
s o i l u n i t s which w i l l be used by TREFAL. A s i m u l a t i o n of the 
measured Hypericum pulchrum seed d i s p e r s a l p a t t e r n i s then 
r e p e a t e d l y superimposed on to the stand matrix a t random u n t i l 
the r e q u i r e d d e n s i t y i s reached. 
The s i m u l a t e d seed d i s p e r s a l p a t t e r n i s i l l u s t r a t e d i n F i g u r e 
34. I t c o n s i s t s of a square r e c r u i t m e n t matrix over which the 
seed d e n s i t y d e c r e a s e s w i t h d i s t a n c e from the c e n t r e . The d e n s i t y 
of seeds a t each p o s i t i o n i s d e r i v e d from a t r a n s f o r m a t i o n of the 
measured Hypericum seed input p a t t e r n ( F i g u r e 3 3 ) . The trapping 
data were f i r s t a d j u s t e d to produce the d e n s i t y of seeds f a l l i n g 
on a 30 X 30 cm square a t each d i s t a n c e from the p l a n t . A 
Log(y+l) t r a n s f o r m a t i o n was then used to produce a s t r a i g h t l i n e 
r e l a t i o n s h i p ( F i g u r e 3 5 ) . 
The r e l a t i o n s h i p d e r i v e d i s 
Log (Density / 900 cm^+ 1) = 2.84 - 0.0144 (Distance) 
T h i s was then used to c a l c u l a t e the d e n s i t y of seeds f a l l i n g 
a t the c e n t r e of each square on the seed r e c r u i t m e n t matrix 
( F i g u r e 3 4 ) . 
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F i g u r e 34. The si m u l a t e d seed bank re c r u i t m e n t p a t t e r n 
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30 X 30 cm 
i - The s c a l i n g f a c t o r f o r the s i m u l a t i o n 
I n t ( x ) - rounded to n e a r e s t i n t e g e r v a l u e . 
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F i g u r e 35. The Hypericum pulchrum seed d i s p e r s a l p a t t e r n 
measured i n the Tamar v a l l e y woodlands, 
transformed to e s t a b l i s h the number of seeds 
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I n order to a l l o w adjustment of the seed input i n the 
d i s p e r s a l p a t t e r n a s c a l e f a c t o r i i s used a t each of the 
matrix p o s i t i o n s . A l t e r a t i o n s to i can be used to reduce or 
i n c r e a s e the seed input i n order t o c o n t r o l the f i n a l seed bank 
v a r i a n c e . Values of i below 1.0 reduce the input d e n s i t y of the 
re c r u i t m e n t matrix. I t t h e r e f o r e r e q u i r e s a g r e a t e r number of 
random d i s p e r s a l p a t t e r n i n p u t s to achi e v e a given d e n s i t y , w i t h 
a consequent r e d u c t i o n i n v a r i a n c e . Values of i g r e a t e r than 
1.0 i n c r e a s e the v a r i a n c e . 
2.4.4 S i m u l a t i o n r e s u l t s 
The s i m u l a t e d seed bank r e q u i r e d by TREFAL i n order to model 
a 35 year o l d woodland has a d e n s i t y of 999 se e d s / m^ and a 
v a r i a n c e of 166070. I n order to produce these v a l u e s , i was 
i n i t i a l l y s e t to 1 and a run of CONBANK c a r r i e d out. 
The means and v a r i a n c e of 50 samples removed by the TREFAL 
s i m u l a t i o n from the generated seed bank were 
Mean = 1031 seeds / m^ 
Var i a n c e = 597105 
A t t e s t can be used to examine the s i g n i f i c a n c e of the 
d i f f e r e n c e between t h i s v a r i a n c e and t h a t used i n c a l c u l a t i o n of 
the r e g r e s s i o n f o r the T a y l o r ' s power r e l a t i o n s h i p . I t must be 
noted t h a t t h i s procedure has l i m i t a t i o n s due t o the i n e v i t c i b l e 
r e l a t i o n s h i p between the mean and v a r i a n c e of the data used i n 
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c a l c u l a t i n g the r e g r e s s i o n . The t e s t r e v e a l e d t h a t the v a r i a n c e 
of the 50 samples was s i g n i f i c a n t l y g r e a t e r than t h a t of the 
r e g r e s s i o n data. The s c a l a r was t h e r e f o r e reduced to a value of 
0.9 and a new seed bank s i m u l a t i o n run performed. 
The r e s u l t was a seed bank sample mean of 990 seeds / m ^ and 
v a r i a n c e 154416, v a l u e s which d i d not d i f f e r s i g n i f i c a n t l y from 
the seed bank r e q u i r e d f o r the TREFAL s i m u l a t i o n run. 
Table 12 shows the r e s u l t s of f i v e s i m u l a t i o n runs of TREFAL 
with the means and v a r i a n c e s of 50 samples removed a t the s t a r t 
of each run. The t h i r d column of the t a b l e p r e s e n t s the r e s u l t s 
of t t e s t s performed on each data s e t . Each r e v e a l s t h a t there i s 
no s i g n i f i c a n t d i f f e r e n c e { p < 0.05 ) between the generated 
v a l u e s and those used to d e r i v e the T a y l o r ' s power r e l a t i o n s h i p 
w i t h i n the l i m i t s of the t t e s t under the given c o n d i t i o n s . A 
value of i = 0.9 i s t h e r e f o r e s u i t a b l e f o r the generation of 
the r e q u i r e d seed bank. 
The t a b l e a l s o r e v e a l s t h a t the v a r i a t i o n e x h i b i t e d by the 
s i m u l a t e d seed bank data can d i f f e r from the T a y l o r ' s power 
c a l c u l a t e d v a l u e s by a c o n s i d e r a b l e margin before becoming 
s i g n i f i c a n t l y d i f f e r e n t . T h i s may be caused by the r e l a t i o n s h i p 
of the mean and v a r i a n c e i n f l u e n c i n g the t t e s t . 
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Table 12 The mean d e n s i t y and sample v a r i a n c e of f i f t y 
30 X 30 g r i d squares sampled from the seed bank 
s i m u l a t i o n , w i t h t t e s t s of t h e i r v a l u e s a g a i n s t 
those d e r i v e d from the coppice s t a n d s . 
D e n s i t y V a r i a n c e S i g n i f i c a n c e 
990 154416 NS 
726 109888 NS 
1013 405499 NS 
614 82928 NS 
866 251710 NS 
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2.5 TREFAL-a model s i m u l a t i n g the i n f l u e n c e of woodland 
d i s t u r b a n c e p r o c e s s e s on a seed bank. 
The model TREFAL i s designed to s i m u l a t e the development over 
a number of y e a r s of both a s e l f t h i n n i n g coppice stand and the 
seed bank of the s o i l beneath. The s i m u l a t i o n can be d i v i d e d i n t o 
t h r e e main a r e a s . 
a) Woodland p r o c e s s e s , 
b) Seed bank p r o c e s s e s . 
c) T r e e f a l l - s e e d bank i n t e r a c t i o n s . 
Each s e c t i o n s i m u l a t e s a d i f f e r e n t p a r t of the woodland and seed 
bank development. 
a)Woodland p r o c e s s e s 
With i n c r e a s i n g age of the stand i n d i v i d u a l t r e e s i n c r e a s e i n 
g i r t h . Each i n c r e a s e s a t a r a t e p r o p o r t i o n a l to the amount of 
competition to which i t i s s u b j e c t e d by i t s immediate neighbours. 
The i n c r e a s e i n s i z e of stand t r e e s r e s u l t s i n g r e a t e r 
competition between them and hence s e l f t h i n n i n g . T h i s s e l f 
t h i n n i n g i s not uniform i n i t s e f f e c t , s m a l l e r suppressed t r e e s 
are removed a t g r e a t e r r a t e s (Harper 1977). 
I n a d d i t i o n to s e l f t h i n n i n g , t r e e s are a l s o removed by 
windthrow. Those which have d i s e a s e d r o o t s , or a r e growing i n 
poor s o i l c o n d i t i o n s are f e l l e d by the wind, appa r e n t l y a t 
random. 
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TREFAL must sim u l a t e a l l of these changes i n one form or 
another, i n order to produce a comparable development w i t h i n the 
model. 
b) Seed bank p r o c e s s e s 
Roberts & Dawkins (1967) have shown t h a t the decay of seeds 
i n a s o i l seed bank may be e x p o n e n t i a l . The model TREFAL must 
account f o r t h i s by reducing the d e n s i t y of seeds throughout the 
s o i l u s i n g a s e t p r o b a b i l i t y f u n c t i o n each year. Each seed must 
be t r e a t e d as an i n d i v i d u a l u n i t i n the population dynamics of 
the seed bank. 
c) T r e e f a l l - s e e d bank i n t e r a c t i o n s 
T h i s s e c t i o n of the model uses parameters d e r i v e d from both 
the woodland stands and the seed banks of the Tamar v a l l e y . 
The s i z e of d i s t u r b a n c e and consequently the number of seeds 
exposed by a t r e e f a l l i s p r o p o r t i o n a l to the g i r t h of the f a l l i n g 
t r e e . Tree g i r t h i s a l s o r e l e v a n t to the s i z e of the canopy gap 
c r e a t e d and consequently the length of time f o r which f r e s h seed 
i s d i s t r i b u t e d to the seed bank around the f a l l . Given a mean 
s e e d l i n g m o r t a l i t y r a t e a minimum number of seeds need to be 
d i s t u r b e d before the f a l l i s c o l o n i s e d by a s i n g l e mature p l a n t , 
i . e . There w i l l t h e r e f o r e be a t h r e s h o l d d e n s i t y of seed i n the 
s o i l exposed by a f a l l e n t r e e , below which reinforcement of the 
seed bank no longer o c c u r s . 
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The i n t e r a c t i o n . s e c t i o n must a l s o account f o r the 
d i s t r i b u t i o n of seeds a t v a r i o u s d i s t a n c e s from the f a l l , and how 
the d e n s i t y of input i s a l t e r e d by changes i n t r e e g i r t h . 
A flow diagram of the main components of TREFAL i s presented 
i n F i g u r e 36, The model i s i n i t i a t e d with a s i m u l a t i o n time of 
INY y e a r s s t a r t i n g a t a woodland age of ISA y e a r s . The t r e e f a l l 
( I F F R ) , t h i n n i n g (IFTH) and seed bank decay r a t e s (DECR) a r e s e t 
by the operator to the r e q u i r e d v a l u e s . The f i l e s TREES and 
C.BANK 1 & C.BANK2 a r e c r e a t e d by previous runs of the WOODLAND 
and CONBANK models d e s c r i b e d e a r l i e r . 
A f t e r completion of the s i m u l a t i o n a s e t of f i l e s i s produced 
c o n t a i n i n g the parameters d e s c r i b i n g the d e t a i l s of the run and 
the f i n a l t r e e p o s i t i o n s . These can be used to examine the 
e f f e c t s of the f a l l s c r e a t e d on the s p a t i a l p a t t e r n of the f i n a l 
seed bank contained i n BAN.RESl and BAN.RES2. 
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F i g u r e 36. A flow diagram i l l u s t r a t i n g the 
i n t e r a c t i o n s between the su b r o u t i n e s of TEIEFAL, 
C=C+l| 
No 
I Read TREES] 
Read C.BANKl 
C.BANK2 
Operator c o n t r o l l e d data 
INY, ISA, IFFR, IFTH, IFFR 
DECR, TH 
ISA 
QFALL = 1 ? ^ — Y e s 




At lOyr i n t e r v a l s s t o r e 
the g i r t h d i s t r i b u t i o n 
At Syr i n t e r v a l s s t o r e 
the run data 
C = ISA + INY 
Yes 









2.5.1 Woodland p r o c e s s e s . 
The s e c t i o n of the TREFAL s i m u l a t i o n model which i s 
r e s p o n s i b l e f o r the development of the stand of t r e e s i s s p l i t 
i n t o t h r e e s u b s e c t i o n s . 
1. Windthrow { Subroutine QTHROW ) 
2. Thinning ( Subroutine QTHIN ) 
3. Growth ( Subroutine GROWTH ) 
The r e l a t i o n s h i p between the t h r e e s u b s e c t i o n s and t h e i r 
s u b r o u t i n e s i s i l l u s t r a t e d i n Fi g u r e 37. 
i ) Changes i n stand d e n s i t y 
The decrease i n d e n s i t y of a stand of t r e e s i s the r e s u l t of 
s e v e r a l f a c t o r s , the main cause of m o r t a l i t y being s e l f - t h i n n i n g . 
I n d i v i d u a l t r e e s compete for a v a i l a b l e space as they grow. Those 
which cannot maintain a p l a c e i n the canopy are overgrown, shaded 
and unable t o capture s u f f i c i e n t energy t o s u r v i v e . They d i e and 
f a l l without c r e a t i n g a gap i n the canopy. D i s e a s e and windthrow 
w i l l a l s o cause t r e e m o r t a l i t y although t o a l e s s e r e x t e n t . The 
TREFAL stand s i m u l a t i o n s e p a r a t e s m o r t a l i t y i n t o two forms 
a) Windthrow : a l l t r e e s which f a l l t o c r e a t e both a canopy 
gap and s o i l root d i s t u r b a n c e . 
b) Thinning : a l l other forms of m o r t a l i t y , i n c l u d i n g 
l o s s of branches, snapping of the trunk, d i s e a s e and 
removal by competition with neighbours. 
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F i g u r e 37. A flow diagram of the s u b r o u t i n e s r e s p o n s i b l e 
f o r woodland development i n the TREFAL model. 
Input of IFFR & IFTH 
QFALL ( = 1 )\ Yes 
No 
QTHIN { = 1)^ Yes 
GROWTH 
No 






During the time a v a i l a b l e f o r t h i s survey of the Tamar 
woodlands, two forms of d e n s i t y change could be measured, 
1) the r a t e of windthrow 
2) the t o t a l d e n s i t y of stands of d i f f e r i n g age, 
from which the r a t e of l o s s can be c a l c u l a t e d . 
The r e l a t i o n s h i p between these f a c t o r s i s given by 
T o t a l d e n s i t y change = Windthrow + t h i n n i n g l o s s . 
Measurement of the r a t e of windthrow f o r the stands of the Tamar 
v a l l e y , when s u b t r a c t e d from the r a t e of t o t a l d e n s i t y change, 
a l l o w s the r a t e of t h i n n i n g by other causes to be c a l c u l a t e d . 
i i ) D e r i v a t i o n of the windthrow r a t e . 
Two methods were combined to measure the r a t e of windthrow i n 
the woodland s t a n d s . 
The f i r s t i n v o l v e d the counting of a l l t r e e s f a l l i n g w i t h i n 
the a r e a of the coppice wood stands over the p e r i o d of study. 
T h i s r a t e can then be e x t r a p o l a t e d to the time p e r i o d for which 
the s i m u l a t i o n i s to be performed. T h i s method has been used 
p r e v i o u s l y by Skeen (1976), F a l i n s k i (1978), and Brewer and 
M e r r i t t (1978) f o r temperate woodlands, and by Putz (1983) and 
Brokaw(1982) f o r t r o p i c a l f o r e s t s . The s h o r t time span over which 
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t h i s survey was c a r r i e d out ensured t h a t the e r r o r s a s s o c i a t e d 
w i t h t h i s method were l a r g e when a p p l i e d to a 200 yr p e r i o d of 
s i m u l a t i o n . The f i r s t method was t h e r e f o r e combined with a second 
to i n c r e a s e the accuracy of the p r e d i c t i o n s . 
The second method inv o l v e d e s t a b l i s h i n g the year of f a l l of 
t r e e s which had f a l l e n before the study p e r i o d . A method was 
developed to e s t i m a t e the year of f a l l of t r e e s windthrown up t o 
45 y e a r s p r e v i o u s l y . 
i i i ) A technique f o r assessment of the year of f a l l of 
windthrows 
The i n v e s t i g a t i o n of the year i n which a t r e e f e l l from the 
canopy i n v o l v e s t r e e r i n g c o r e s removed from the t r e e s 
surrounding any gap c r e a t e d by windthrow. S e v e r a l s t u d i e s of 
f o r e s t d i s t u r b a n c e h i s t o r y have shown t h a t a r a p i d i n c r e a s e of 
stem r i n g increment o c c u r s a f t e r removal of the canopy by d i s e a s e 
( A u c l a i r and Cottam 1971), storms (Packham and Harding 1982), or 
death of i n d i v i d u a l t r e e s (White, MacKenzie and Bushing 1985). 
The m e r i t s and d i f f i c u l t i e s of using c o r e s for f o r e s t s t u d i e s a r e 
d i s c u s s e d by Lorimer (1984). 
I n the crowded environment of a s e l f t h i n n i n g coppice stand 
the r a t e of growth of canopy t r e e s i s l i m i t e d by competition f o r 
space. A f t e r removal of a t r e e by windthrow there i s a r a p i d 
i n c r e a s e i n growth of the branches occupying a p o s i t i o n a d j a c e n t 
to the gap, i e . l a r g e r annual growth increments when compared to 
those formed p r e v i o u s l y i n the suppressed y e a r s . 
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F i g u r e 38 p r e s e n t s an i l l u s t r a t i o n of t h i s response. 
P o s i t i o n 1 corresponds to the r e l e a s e year of the t r e e and i s 
followed by i n c r e a s e d r i n g widths due to canopy expansion i n t o 
the gap. Subsequent c l o s u r e of the canopy produces a decrease of 
the increment widths t o a l e v e l supported by the new canopy a r e a 
of the t r e e . P o s i t i o n 2 of F i g u r e 38 corresponds t o the time of 
canopy c l o s u r e . 
F i g u r e 38 An i l l u s t r a t i o n of the changes i n r i n g width 
of a t r e e r e l e a s e d from competition by an 
a d j a c e n t fall. ( H y p o t h e t i c a l ) 
Ring width (cm) 
Time ( y r s ) 
1 - Year i n which the canopy opened 
2 - Year i n which the canopy c l o s e d 
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Ring core surveys can t h e r e f o r e be used to i d e n t i f y three 
parameters f o r the TREFAL model, f o r a t r e e f a l l of given g i r t h : 
1) whether the t r e e produced a canopy gap 
2) the year of f a l l 
3) the d u r a t i o n of the canopy gap. 
I n any year growth w i l l be c o n t r o l l e d by both c l i m a t i c 
e f f e c t s and competition between neighbouring t r e e s . I n order to 
examine the degree to which these two c o n t r o l l i n g f a c t o r s 
i n f l u e n c e t r e e growth, r i n g widths were measured i n cor e s from 
t r e e s w i t h i n a d j a c e n t undisturbed s t a n d s . The r e s u l t s e s t a b l i s h e d 
t h a t o c c a s i o n a l l y c l i m a t i c e f f e c t s have an i n f l u e n c e on a l l the 
t r e e s of a stand, however the g r e a t e s t i n f l u e n c e on the growth 
r a t e of any t r e e was competition w i t h neighbours. A l l 
s i g n i f i c a n t , r a p i d i n c r e a s e s i n g i r t h increment were t h e r e f o r e 
assumed to be due to changes i n the co m p e t i t i v e s t a t u s of the 
t r e e and were used f o r d e t e c t i o n of f a l l dates and canopy gap 
d u r a t i o n . 
Methods 
The face of the t r e e from which the r i n g core i s taken may 
a f f e c t the r e s u l t . Oak (Quercus spp) shoots e x h i b i t asymmetrical 
growth of stem r i n g s during regrowth of the canopy a f t e r 
c o p p i c i n g (Rackham 1980). The removal of competition from one 
quadrant of the t r e e canopy may t h e r e f o r e r e s u l t i n i n c r e a s e d 
growth of the face of the trunk p o s i t i o n e d towards the gap i n 
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comparison w i t h those f a c i n g away from i t . To remove the 
p o s s i b i l i t y of e r r o r s caused by d i f f e r i n g c o r i n g p o s i t i o n s , a l l 
c o r e s were removed a t 1.3 m above ground l e v e l on the face 
a d j a c e n t to the canopy gap or t r e e f a l l . Three c o r e s were removed 
from each t r e e to a depth of 10 cm. T h i s provided s u f f i c i e n t 
r i n g s f o r an examination of the p a s t 45 y e a r s of t r e e growth. I t 
was estimated t h a t t r e e s which had f a l l e n before t h i s time period 
may be d i f f i c u l t to d e t e c t due to decay of the trunk. 
I n the l a b o r a t o r y c o r e s were examined beneath a b i n o c u l a r 
microscope and the width of each growth r i n g measured using a 
g r a t i c u l e eye p i e c e . Comparisons of a l l t r e e s surrounding the 
windthrow gaps provided mean e s t i m a t e s of the time of f a l l and 
the number of y e a r s f o r which the canopy gap remained open. 
A map of Wareham Wood, i l l u s t r a t i n g the p o s i t i o n s of those 
t r e e s which f e l l c r e a t i n g canopy openings s u f f i c i e n t f or 
Hypericum pulchrum to germinate, i s presented i n F i g u r e 39. Of 
the 28 t r e e s i l l u s t r a t e d , 1-25 f e l l before the study commenced 
and 26-28 f e l l during the study. T r e e s 9,12,14,18 & 21 f e l l 
a d j a c e n t to r i d e s and no attempt was made a t a s s e s s i n g t h e i r r i n g 
width d i s t r i b u t i o n s . However, examination of the s t a t e of decay 
of these t r e e s r e v e a l e d t h a t they had a high p r o b a b i l i t y of 
having f a l l e n a f t e r the o l d e s t f a l l s w i t h i n the stands. They were 
t h e r e f o r e i n c l u d e d i n the survey d e n s i t i e s . 
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F i g u r e 39. A map of Wareham Wood i l l u s t r a t i n g the 
d i s t r i b u t i o n of windthrown t r e e s w i t h i n 
each of the coppice s t a n d s . 
I I Coppice stands 
\y] Softwood P l a n t a t i o n s 
^ C l e a r f e l l e d coppice. 
Coppice i n a c c e s s i b l e due to Rhododendron ponticum 
Q-j Areas i n a c c e s s i b l e due to topography 
[~7] T r e e f a l l d i s t u r b a n c e s on which Hypericum pulchrum 
was e s t a b l i s h e d 
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R e s u l t s . 
F i g u r e s 40 a and b i l l u s t r a t e r i n g increments of two c o r e s 
removed from t r e e s a d j a c e n t to windthrows T20 and T23, and 
demonstrates the d i f f i c u l t i e s i n v o l v e d i n o b t a i n i n g the year of 
f a l l and d u r a t i o n of canopy gap. 
Ring widths of c o r e s from d i f f e r e n t windthrows show l i t t l e i f 
any c o r r e l a t i o n , suggesting t h e r e i s r a t h e r l i t t l e i n f l u e n c e of 
c l i m a t e on r i n g width. T h i s may be an i n d i c a t i o n of the 
o v e r r i d i n g e f f e c t of competition on growth of i n d i v i d u a l t r e e s . 
The c o r e s c l e a r l y show the r e l e a s e from competition of the two 
t r e e s , i n d i c a t e d by the i n c r e a s e d width of the r i n g increments. 
Table 13 p r e s e n t s the complete data s e t for a l l windthrows 
assayed by c o r i n g . 
Two s m a l l e r windthrown t r e e s (17 and 19) r e v e a l e d no d i s t i n c t 
change i n the annual growth increment of the surrounding t r e e s . 
Both d i s t u r b a n c e s had s i n g l e Hypericum pulchrum s e e d l i n g s , both 
of which di e d w i t h i n one year of d i s c o v e r y . T h i s suggests t h a t 
Hypericum pulchrum seeds may germinate on the root d i s t u r b a n c e 
caused by f a l l e n t r e e s during e a r l y s p r i n g before l e a f expansion, 
but f a i l to s u r v i v e i n the r e l a t i v e l y deep shade. I t t h e r e f o r e 
appears t h a t f a l l e n t r e e s which were too s m a l l to have a 
d e t e c t a b l e e f f e c t on neighbouring t r e e s (below about 76cm g i r t h ) 
d i d not produce a canopy gap of s u f f i c i e n t s i z e to a l l o w 
Hypericum pulchrum to s u r v i v e beneath the opening. TREFAL a l l o w s 
for t h i s i n i t s s i m u l a t i o n of the d i s t u r b a n c e p r o c e s s e s . 
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Figure 40. Tree r i n g increments f o r two tr e e s adjacent t o 
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No. y r s before c o r i n g . 
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Table 13. Parameters derived from r i n g cores o f trees 
surrounding w i n d f a l l s . The t r e e numbers 
r e f e r t o those i n Figure 39. 
Windthrown G i r t h No Yrs Canopy Gap Comments 
Tree (cm) since f a l l time span 
1 226 4 open 
2 154 4 open 
3 100 8 open 
4 78 23 open 
5 146 19 18 
6 85 9 9 
7 137 12 12 
8 170 31 30 
9 EE 
10 130 18 open 
11 90 22 19 
12 EE 
13 175 25 25 
14 EE 
15 190 2 open 
16 100 23 23 
17 62 NSG 
18 EE 
19 75 NSG 
20 85 20 13 
21 EE 
22 150 30 29 
23 160 28 28 
24 240 25 25 
25 150 32 32 
EE Edge e f f e c t s prevented accuracy i n core estimates 
NSG No s i g n i f i c a n t change i n growth p a t t e r n 
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I n a 32 year p e r i o d before t h i s study 23 t r e e s f e l l t o 
produce a s o i l disturbance and a canopy gap ( i e excluding t r e e s 
17 & 19), 3 f e l l d u r i n g the study. The maps used i n management o f 
the Tavistock Woodland estat e were used t o estimate the area over 
which these f a l l s occurred ( 24.72 acres, 9.99 hectares Figure 
39 ) . During the 32 year p e r i o d the r a t e of f a l l was t h e r e f o r e 
0.0813 tr e e s / h e c t a r e / y r . This r a t e does not include the double 
t r e e f a l l t h a t occurred d u r i n g the study, t r e e 1 f e l l i n g t r e e 2. 
The s i m u l a t i o n o f double f a l l s would introduce a d d i t i o n a l 
c o m p l e x i t i e s t o the model and so t r e e s 1 and 2 were t r e a t e d as 
two separate f a l l s . 
i v ) Duration of the canopy gap. 
The data from the survey o f t r e e f a l l s can be used t o 
determine a r e l a t i o n s h i p between the g i r t h of a f a l l i n g t r e e and 
the l e n g t h o f time the canopy gap remains open (Figure 41). The 
regression equation of gap d u r a t i o n against g i r t h of the f a l l i n g 
t r e e i s : 
Gap d u r a t i o n = 0.1016 ( G i r t h ) + 7.547. 
This regression formula i s used by TREFAL t o c a l c u l a t e the 
leng t h o f time f o r which seeds are d i s t r i b u t e d from each t r e e f a l l 
t o the surrounding s o i l . The s i m u l a t i o n assumes t h a t the seed 
input ceases i n the year o f canopy c l o s u r e . 
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Figure 41 The r e l a t i o n s h i p between the d u r a t i o n of the canopy 
gap created by a f a l l i n g t r e e and the g i r t h of 
the t r e e . 
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v) Windthrow s i m u l a t i o n i n TREFAL 
Using the f a l l r a t e measured i n the previous s e c t i o n , the 
ra t e of t r e e f a l l t o be found w i t h i n a 51 x 51 m area o f stand was 
c a l c u l a t e d . 
Rate per hectare = 0.0813 t r e e s / y r . 
Rate per 2601 m^  = 0.0211 t r e e s / y r . 
For use i n the program TREFAL t h i s value i s converted t o an 
inte g e r by m u l t i p l i c a t i o n by 10,000 and assigned t o a l a b e l IFFR, 
the model f a l l r a t e . 
I n order t o c a l c u l a t e whether a t r e e f a l l s i n any year, 
subroutine QFALL generates a random i n t e g e r from an even 
d i s t r i b u t i o n range (1-10,000). I f the in t e g e r generated f a l l s 
below the set value IFFR ( i n t h i s case 211) then a f l a g i s set 
f o r a t r e e t o f a l l . The use o f the even d i s t r i b u t i o n of i n t e g e r s 
i n QFALL corresponds t o a p r o b a b i l i t y of f a l l of IFFR/10,000, the 
f a l l r a t e measured f o r the 51 x 51 m stand area. 
On r e c e i v i n g a f l a g i n d i c a t i n g t h a t a f a l l i s t o take place 
subroutine THROW s e l e c t s a t r e e a t random. The p o s i t i o n and g i r t h 
of t h i s t r e e are passed t o subroutine REPFAC f o r c a l c u l a t i o n o f 
the seed bank input data. The t r e e i s then removed from the 
storage array by subroutine SHUFFLE. 
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v i ) Thinning of the stand t r e e s 
Subroutine THIN i s the s e c t i o n o f TE^FAL s i m u l a t i n g the 
removal of t r e e s from the stand by a l l other means. This includes 
disease and s t r u c t u r a l f a i l u r e of both branches and stems, but i s 
predominantly due t o competition between neighbouring t r e e s . The 
nature of t h i s process r e s u l t s i n the removal of a greater 
p r o p o r t i o n o f the smallest t r e e s of the stand, the suppressed 
weaklings. This bias towards death of small t r e e s brings about a 
t r a n s f o r m a t i o n of class d i s t r i b u t i o n shape, from the p o s i t i v e l y 
skewed s e l f t h i n n i n g form (Harper 1977) towards n o r m a l i t y 
(Monserud 1975). Subroutine THIN must p r e f e r e n t i a l l y s e l e c t t r e e s 
f o r removal from those i n the lowest s i z e classes i n order t o 
mimic t h i s t r a n s f o r m a t i o n . 
Parameter d e r i v a t i o n . 
As shown p r e v i o u s l y the r e l a t i o n s h i p between t r e e f a l l r a t e , 
t h i n n i n g r a t e and change of stand d e n s i t y can be expressed as 
Thinning = Decline o f stand - Windthrow. 
r a t e d e n s i t y r a t e ( 1 ) 
Data c o l l e c t e d from the 51 x 51 m quadrats placed w i t h i n the 
coppice stands o f the Tamar v a l l e y can be used t o d e r i v e the r a t e 
o f d e c l i n e of d e n s i t y (Figure 42). The regression equation i s : 
Stand d e n s i t y / 2601 m^ = 132.3 - 0.432(Age) ( 2 ) 
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S u b s t i t u t i o n of the r a t e of d e c l i n e ( 2 ) i n t o ( 1 ) allows 
c a l c u l a t i o n o f the r a t e of t h i n n i n g f o r the woodland stands as 
they age. 
Thinning r a t e = -0.432 - (-0.0211) = -0.41 trees/2601 mVyr 
v i i ) Thinning s i m u l a t i o n i n TREFAL 
The parameter used f o r the r a t e of de c l i n e by t h i n n i n g i n the 
model TREFAL i s IFTH. This i s an i n t e g e r value derived from IFTH 
= t h i n n i n g r a t e x 100. For the above example IFTH = 41, 
I n order t o simulate t h i n n i n g o f the model coppice stand at 
the r a t e chosen by the operator, the subroutine QTHIN uses the 
random number f u n c t i o n LN. LN c a l c u l a t e s an i n t e g e r value i n the 
range 1-100 and i f less than IFTH, QTHIN r e t u r n s a f l a g value 
i n d i c a t i n g a t r e e i s t o be removed from the stand. This removes 
tr e e s from the stand w i t h a p r o b a b i l i t y o f IFTH/100 or the 
t h i n n i n g r a t e measured p r e v i o u s l y . 
Subroutine THIN i s responsible f o r removal of the tr e e s from 
the stand. I n order t o achieve the tr a n s f o r m a t i o n o f class 
d i s t r i b u t i o n described e a r l i e r , t h i s must be c a r r i e d out by a 
procedure which i s biased towards removal of tr e e s i n the lowest 
g i r t h classes. Subroutine THIN achieves t h i s by c a l c u l a t i o n o f a 
random i n t e g e r w i t h range 1-100, e q u i v a l e n t t o a percentage 
range. Trees are then removed from the fou r smallest g i r t h 
classes of the d i s t r i b u t i o n i n the p r o b a b i l i t y r a t i o 50:25:15:10, 
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i e . a random value o f 48 would remove a t r e e from the smallest 
class of the stand, 80 from the t h i r d s mallest. This s i m u l a t i o n 
r e s u l t s i n a class d i s t r i b u t i o n t r a n s f o r m a t i o n equivalent t o t h a t 
of the measured woodlands, from p o s i t i v e skew towards n o r m a l i t y . 
v i i i ) Simulation r e s u l t s f o r the changes i n stand d e n s i t y . 
The change i n g i r t h c l a s s d i s t r i b u t i o n of the woodland stand 
i s discussed i n the next s e c t i o n a f t e r i n c l u s i o n of the t r e e 
growth parameters. 
The combined e f f e c t of t h i n n i n g and windthrow m o r t a l i t i e s on 
the d e n s i t y o f t r e e s w i t h i n the s i m u l a t i o n i s shown i n Figure 42 
The f i g u r e i l l u s t r a t e s the d e n s i t y changes t a k i n g place i n two 
simu l a t i o n s f o r stands growing from 35 t o 235 yrs of age. I t can 
be seen t h a t TREFAL provides an adequate r e p r e s e n t a t i o n of the 
r e a l d e n s i t y changes. 
i x ) I n d i v i d u a l t r e e growth. 
To i n v e s t i g a t e the r e s u l t of windthrown t r e e disturbance on 
the seed bank of a s e l f t h i n n i n g woodland, a model i s re q u i r e d 
which reproduces a close approximation t o the stand growth 
p a t t e r n s . This i s the f u n c t i o n o f subroutine GROWTH. 
As discussed p r e v i o u s l y TREFAL i s a distance independent 
growth s i m u l a t o r . The competitive i n t e r a c t i o n s between 
neighbouring t r e e s are removed i n order t o reduce the 
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Figure 42. The density of trees contained w i t h i n a 2601 M area of s e l f t h i n n i n g 
coppice stand and the TREFAL simulated d e c l i n e i n the model stand 
d e n s i t y p l o t t e d against stand age 
Regression derived from the stand data 
—/ Development simulated by TREFAL 
100 
50 
To 100 150 200 
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computational complexity of the model. T r e e s w i t h i n the woodland 
grow a t r a t e s determined by t h e i r p o s i t i o n w i t h i n the stand g i r t h 
range. T h i s ensures t h a t the l a r g e s t t r e e s grow a t the f a s t e s t 
r a t e s , a s i t u a t i o n corresponding to t h a t w i t h i n n a t u r a l l y 
t h i n n i n g woodlands (Harper 1977). A minor problem caused by t h i s 
s i m p l i f i c a t i o n i s t h a t a t r e e surrounded by s m a l l e r neighbours 
grows a t a r a t e equal to one surrounded by t r e e s of g r e a t e r 
g i r t h . I n both a r e a l stand, and a d i s t a n c e dependent model the 
growth r a t e s of such t r e e s would d i f f e r . The advantages of a 
r e d u c t i o n i n complexity are the removal of both the edge e f f e c t s 
a s s o c i a t e d w i t h f o r e s t growth s i m u l a t o r s and the problems 
a s s o c i a t e d w i t h i r r e g u l a r canopy shapes. 
D e r i v a t i o n of i n d i v i d u a l t r e e growth r a t e s . 
Throughout the coppice woods of the T a v i s t o c k Woodland 
E s t a t e , the g i r t h of t r e e s which had f a l l e n or snapped a t the 
base, w i t h i n the p a s t 3 y e a r s , were measured a t a p o s i t i o n 
e q u i v a l e n t to 1.3 m above ground l e v e l . These t r e e s were then 
s e c t i o n e d a t a p o i n t as near to the base as p o s s i b l e using a 
c h a i n saw. The s e c t i o n s were removed to the l a b o r a t o r y where r i n g 
counts were used to produce age e s t i m a t e s f o r each t r e e . 
The data c o l l e c t e d by t h i s method were then used to produce a 
g i r t h - age r e l a t i o n s h i p f o r i n d i v i d u a l t r e e s growing w i t h i n Oak 
coppice woodlands (F i g u r e 4 3 ) . Mohler e t a l . ( 1 9 7 8 ) have 
demonstrated t h a t the e x t e r i o r dimensions of a t r e e develop i n a 
sigmoid form. The t r e e s of the coppice stands sampled i n t h i s 
-175-
Figure 43. G i r t h ( measured at 1.3 m ) p l o t t e d against 
stand age f o r trees f e l l e d i n selected 
s e l f t h i n n i n g stands. 
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survey are n e i t h e r young nor mature i n respect of the Oak l i f e 
span. Thus the mid-range of the sigmoid growth form can be 
approximated t o a l i n e a r f u n c t i o n and a l e a s t squares regression 
used t o deriv e the equation of t h i s r e l a t i o n s h i p . 
G i r t h = 0.751 (Age) + 28.89 
This f u n c t i o n can then be used f o r d e r i v a t i o n of the mean age 
of measured woodland stands. 
D e r i v a t i o n of stand growth r a t e . 
I n a p l a n t stand undergoing s e l f t h i n n i n g the m a j o r i t y of 
i n d i v i d u a l s are suppressed weaklings and the size class 
d i s t r i b u t i o n i s p o s i t i v e l y skewed (Harper 1977). S e l f t h i n n i n g 
removes the smaller weaker t r e e s and r e s u l t s i n a s h i f t of 
d i s t r i b u t i o n shape from p o s i t i v e skew towards n o r m a l i t y (Monserud 
1975). Both modal frequency class and mean g i r t h are i n i t i a l l y 
p o s i t i v e l y skewed and w i t h t h i n n i n g move towards the centre o f 
the d i s t r i b u t i o n range. 
I d e a l l y the modal class should be used f o r determination o f 
stand age. However, w i t h the e r r o r s associated w i t h measurement 
a t 1.3 metres above the ground l e v e l due t o non-uniform trunk 
growth and sample e r r o r , the mean g i r t h o f the stand provides a 
parameter e x h i b i t i n g less variance. The e r r o r s associated w i t h 
the use of the mean g i r t h decrease as the stand d i s t r i b u t i o n 
s h i f t s towards n o r m a l i t y w i t h i n c r e a s i n g age. 
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The i n d i v i d u a l t r e e growth regression equation has been used 
t o e s t a b l i s h the ages of those p l o t s measured i n the Tavistock 
Woodland coppice survey (Figure 44) The use of t h i s regression 
equation i n c a l c u l a t i o n of stand age produces a s t r a i g h t l i n e 
r e l a t i o n s h i p when mean g i r t h i s p l o t t e d against age. This i s the 
development of mean stand g i r t h which TREFAL has t o simulate. 
I t should be noted t h a t the r e l a t i o n s h i p o f mean g i r t h t o 
stand age i s only as accurate as the g i r t h / age r e l a t i o n s h i p 
derived i n Figure 43. Increased accuracy could only be obtained 
by extensive f e l l i n g . 
x) Simulation of i n d i v i d u a l t r e e growth 
The growth of i n d i v i d u a l t r e e s w i t h i n the s i m u l a t i o n TREFAL 
i s c o n t r o l l e d by subroutine GROWTH. The e s s e n t i a l c h a r a c t e r i s t i c s 
of which are: 
1) A t r e e which survives i n the stand must increase 
i n g i r t h annually. 
2) The annual growth increment of any t r e e i s p r o p o r t i o n a l t o 
i t s p o s i t i o n i n the stand d i s t r i b u t i o n . 
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Subroutine GROWTH reproduces t h i s e f f e c t by the use o f the 
equation 
G = M +( P X W ) 
G i s the increase i n growth f o r the year of c a l c u l a t i o n . 
M i s the minimum growth requirement of a t r e e , which i s 
i n v e r s e l y p r o p o r t i o n a l t o the g i r t h o f the t r e e . 
A s u i t a b l e value was found t o be M = 4.5/GIRTH. 
P i s the p o s i t i o n of the t r e e w i t h i n the g i r t h 
range o f the stand and i s found by s u b t r a c t i n g 
the smallest stand t r e e g i r t h from t h a t being assessed. 
W i s the increment determining the r a t e a t which a t r e e o f 
p o s i t i o n P+1 increases when compared t o a t r e e of 
p o s i t i o n P. I f a t r e e at a p o s i t i o n P increases at 
a r a t e Ar then the t r e e at P+1 increases a t Ar + w. 
W i s a r e p r e s e n t a t i o n o f the competitive s u p e r i o r i t y o f the 
l a r g e r t r e e s of the stand ensuring t h a t those of gre a t e s t g i r t h 
increase a t the f a s t e s t r a t e s . 
A f t e r several t r i a l s the f o r m u l a t i o n of W which has given the 
cl o s e s t approximation t o the measured stand growth r a t e i s 
W = 41.0 
(LG -GMEAN)^ 
where LG i s the l a r g e s t g i r t h of the stand and GMEAN the mean 
g i r t h . 
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x i ) Discussion o f s i m u l a t i o n r e s u l t s 
Figure 44 presents a comparison of the increase o f mean stand 
g i r t h f o r two s i m u l a t i o n runs of TREFAL using the data obtained 
from the n a t u r a l coppice stands of the Tamar woodlands. The 
f i g u r e i l l u s t r a t e s t h a t TREFAL produces a c u r v i l i n e a r 
r e l a t i o n s h i p and adjustments o f the parameter W allow t h i s t o be 
f i t t e d t o the n a t u r a l stand data. 
Use of a d i f f e r e n t formula f o r c a l c u l a t i o n of the growth of 
i n d i v i d u a l t r e e s may produce a l i n e a r growth f o r the mean stand 
g i r t h i n the s i m u l a t i o n . However, given t h a t the data from the 
Tamar woodlands are only assumed t o be l i n e a r , f u r t h e r 
measurements would have t o be obtained from the coppice stands 
before refinements of the model could be j u s t i f i e d . Considered i n 
the context of the assumptions made i n the r e s t of the 
s i m u l a t i o n , the c u r v i l i n e a r form of the growth f u n c t i o n used by 
TREFAL provides an adequate approximation of the growth r a t e s 
over the measured range o f size s . E x t r a p o l a t i o n beyond 235 years 
would, however, have t o be t r e a t e d w i t h c a u t i o n . 
Figure 45 i l l u s t r a t e s the development of the coppice wood 
g i r t h class d i s t r i b u t i o n i n comparison w i t h the r e s u l t s of a 
TREFAL s i m u l a t i o n . The f i g u r e shows t h a t the changing g i r t h c l a s s 
d i s t r i b u t i o n s of the simulated stand are apparently a 
s u f f i c i e n t l y good f i t f o r the a n a l y s i s of seed bank dynamics. 
However, attempts a t t e s t i n g the goodness o f f i t using a c h i 
squared t e s t s u f f e r from the dominant i n f l u e n c e of one or two 
class d i f f e r e n c e s . The n a t u r a l d i s t r i b u t i o n s were a l l derived i n 
any case from s i n g l e quadrats and are t h e r e f o r e subject t o sample 
e r r o r s . 
-180-
Figure 44. The regression l i n e o f mean stand g i r t h p l o t t e d 
against canopy age w i t h two of the growth curves 
f o r the same parameter derived from the TREFAL 
s i m u l a t i o n model. 
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F a s t e r growth r a t e s of the l a r g e r t r e e s produces an i n c r e a s e 
i n the d i s t r i b u t i o n range f o r the stand. F i g u r e 45 i l l u s t r a t e s 
t h a t the parameters chosen f o r both weighting and minimum growth 
f o r each c l a s s , produce a changing d i s t r i b u t i o n range comparable 
to t h a t of the sampled s t a n d s . The sample data from the coppice 
woodlands, as would be expected, show g r e a t e r v a r i a t i o n than the 
s i m u l a t i o n r e s u l t s . T h i s i s due both to sample e r r o r and a l s o 
d i f f e r e n c e s between the environments i n which each stand i s 
growing, i . e . v a r i a t i o n a s s o c i a t e d w i t h sampling stands of 
d i f f e r i n g age r a t h e r than f o l l o w i n g a s i n g l e stand throughout i t s 
h i s t o r y . 
The use of a two parameter f u n c t i o n f o r i n d i v i d u a l t r e e 
growth induces problems a s s o c i a t e d w i t h the stand d i s t r i b u t i o n . 
I f the minimum growth of each c l a s s i s s e t too low then the t r e e s 
of the s m a l l e s t c l a s s where W = 0 can be ' l e f t behind' by the 
remainder of the d i s t r i b u t i o n . A r e l a t i v e l y l a r g e frequency c l a s s 
of s m a l l t r e e s may t h e r e f o r e become detached from the main 
d i s t r i b u t i o n . An i l l u s t r a t i o n of t h i s i s provided by the 61 -
70cm g i r t h c l a s s of the 110 and 120 year d i s t i b u t i o n s i n F i g u r e s 
45 a & b, i n which a s i n g l e c l a s s i s g r a d u a l l y i s o l a t e d from the 
s tand. A d j u s t i n g both the minimum growth for i n d i v i d u a l c l a s s e s 
and W i s r e q u i r e d to minimise t h i s e f f e c t . 
I n c o n c l u s i o n the woodland growth and frequency d i s t r i b u t i o n 
change provided by the TREFAL s i m u l a t i o n a r e adequate f o r an 
i n i t i a l i n v e s t i g a t i o n of the seed bank dynamics of Hypericum 
pulchrum. The assumptions made and e r r o r s i n v o l v e d i n determining 
the r e s t of the model parameters ensure t h a t the s m a l l 
d i f f e r e n c e s i n d i s t r i b u t i o n generated during growth w i l l be of 
l i t t l e s i g n i f i c a n c e i n the r e s u l t s of seed bank dynamics. 
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F i g u r e 45 (a) The frequency d i s t r i b u t i o n of t r e e s w i t h i n 
n a t u r a l coppice stands compared to the TREFAL 
stand s i m u l a t i o n r e s u l t s . 
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F i g u r e 45 ( b ) . The frequency d i s t r i b u t i o n of t r e e s w i t h i n 
n a t u r a l coppice stands compared to the TREFAL 
stand s i m u l a t i o n r e s u l t s . 
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F i g u r e 45 ( c ) . The frequency d i s t r i b u t i o n of t r e e s w i t h i n 
n a t u r a l coppice stands compared to the TREFAL 
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F i g u r e 45 ( d ) . The frequency d i s t r i b u t i o n of t r e e s w i t h i n 
n a t u r a l coppice stands compared to the TREFAL 
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F i g u r e 45 (e) The frequency d i s t r i b u t i o n of t r e e s w i t h i n 
n a t u r a l coppice stands compared to the TREFAL 
stand s i m u l a t i o n r e s u l t s . 
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2.5.2 Seed bank p r o c e s s e s , 
i ) Seed bank decay r a t e . 
With c l o s u r e of the woodland canopy and e x c l u s i o n of 
Hypericum pulchrum the d e n s i t y of the seed bank begins to 
d e c r e a s e . Roberts & Dawkins (1967) and Rampton & Ching (1970) 
have demonstrated t h a t the expected r a t e of decay i s e x p o n e n t i a l , 
i . e . a constant r a t e of m o r t a l i t y f o r each seed. The measurements 
of Hypericum pulchrum seed d e n s i t y i n the woodlands of the Tamar 
v a l l e y suggest t h a t windthrow a l l o w s a r e i n t r o d u c t i o n of seeds to 
the s o i l w i t h i n stands of age g r e a t e r than about 80 y e a r s . I n 
order to remove the i n f l u e n c e of t h i s seed input, the Hypericum 
pulchrum seed bank decay r a t e was t h e r e f o r e d e r i v e d from 
woodlands aged l e s s than 80 y e a r s . The data used i n c a l c u l a t i o n 
of the Hypericum pulchrum seed bank decay r a t e a r e presented i n 
F i g u r e 47. The slope of the r e g r e s s i o n equation c a l c u l a t e d f o r 
these data was transformed to give the annual s u r v i v o r s h i p r a t e 
for i n d i v i d u a l seeds ( 0.937 s e e d s / y r ) . 
i i ) S i m u l a t i o n of seed bank decay i n TREFAL. 
Each g r i d u n i t of the seed bank a r r a y i s s u b j e c t e d to an 
annual decay. T h i s i s c a r r i e d out by two f u n c t i o n s IDECYM and 
IDECYR, i l l u s t r a t e d i n the flow diagram ( F i g u r e 4 6 ) . 
I n order to reduce computational time a l l a r r a y u n i t s w i t h a 
seed d e n s i t y of g r e a t e r than 8 seeds are s u b j e c t t o a decay of 
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F i g u r e 46. A flow diagram of the su b r o u t i n e s r e s p o n s i b l e 
f o r decay of the seed bank. 
18 = 1 
19 = 1 
H DENSITY = BANK(I8,I9) 
DENSITY < 8 ? ^ — Y e s HDENSITY = IDECR (DENSITY) 
NO 
DENSITY = IDECYM (DENSITY) 
19 = 19+1 
18 = 18 +1 
No ^19 = 170? 
Yes 
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(Density x 0.937). T h i s i s c a r r i e d out by IDECYM. The r e s u l t i s 
returned as an i n t e g e r v a l u e . 
With seed d e n s i t i e s of l e s s than 8 the rounding e r r o r s of 
c o n v e r s i o n to an i n t e g e r become important. A u n i t d e n s i t y of 7 
w i l l be returned to 7 a f t e r decay by 0.937. To overcome t h i s the 
f u n c t i o n IDECYR c a l c u l a t e s a random number from 1-1000 and i f 
g r e a t e r than 937 a seed i s removed from the a r r a y u n i t . T h i s 
p r o b a b i l i t y of removal should be c o r r e c t i n theory. I n p r a c t i c e 
the value of 0.937 used i n IDECYR produces a decay r a t e lower 
than t h a t r e q u i r e d . There i s almost always an i n h e r e n t b i a s i n 
random number ge n e r a t o r s , e i t h e r towards the c e n t r e or 
e x t r e m i t i e s of the r e q u i r e d d i s t r i b u t i o n range, and t h i s may 
account f o r the d i f f e r e n c e between a n t i c i p a t e d and a c t u a l 
s i m u l a t e d decay r e s u l t s . I t was found t h a t an adjustment to (937 
- 12) was n e c e s s a r y before the r e q u i r e d decay was achieved f o r 
u n i t d e n s i t i e s of l e s s than 8 seeds. 
i i i ) S i m u l a t i o n r e s u l t s . 
F i g u r e 47 p r e s e n t s the r e s u l t of a s i m u l a t i o n run without 
t r e e f a l l s and i l l u s t r a t e s the correspondence of the s i m u l a t e d and 
measured decay r a t e s f o r Hypericum pulchrum. 
F i g u r e 48 i l l u s t r a t e s the development of the r e l a t i o n s h i p 
between seed bank log mean and log v a r i a n c e during a run of the 
model. The program samples 50 seed bank u n i t s each 5 y e a r s and 
p r i n t s the mean d e n s i t y and v a r i a n c e of the data. 
-190-
F i g u r e 47. R e s u l t s of the seed bank s i m u l a t i o n , i l l u s t r a t i n g 
the change of d e n s i t y t a k i n g p l a c e without a 
seed input. 
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F i g u r e 48. A comparison of the Hypericum pulchrum 
T a y l o r s power r e l a t i o n s h i p s f o r n a t u r a l coppice stands 
and the r e s u l t s of the s i m u l a t i o n model TREFAL. 
N a t u r a l stand r e g r e s s i o n Log(v) = 1.616 Log Y + 0.362 








1.0 2.0 3.0 4.0 
Log (Mean stand seed d e n s i t y ) 
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The r e g r e s s i o n d e r i v e d from the r e s u l t s i s : 
Log (V) = 1.729 Log (D) + 0.0095 
The r e l a t i o n s h i p f or the n a t u r a l coppice stands of the Tamar 
woodlands d e r i v e d i n S e c t i o n 1.10 i s : 
Log (V) = 1.616 Log (D) + 0.362 
The r e s u l t s a r e not s i g n i f i c a n t l y d i f f e r e n t ( p < 0.01 ) 
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2.5.3 Windthrow - seed bank i n t e r a c t i o n s . 
I n S e c t i o n 1.9.2 (b) the Hypericum pulchrum seed input to the 
s o i l surrounding a windthrown t r e e was measured u s i n g a t r a n s e c t 
of s o i l c o r e s . I n order to examine the e f f e c t of repeated seed 
r e c r u i t m e n t to the decaying seed bank by windthrow, a 
r e l a t i o n s h i p between the g i r t h of the f a l l e n t r e e and the annual 
seed production during the open canopy p e r i o d , must be 
e s t a b l i s h e d . There are two methods by which t h i s can be achieved. 
The f i r s t , i l l u s t r a t e d by F i g u r e 49, f o l l o w s the demographic 
development of the seed population germinating on a t r e e f a l l 
mound. Disturbance by windthrow removes both the l i t t e r l a y e r and 
the canopy shade from the seeds s t o r e d w i t h i n the s o i l . Exposure 
to the new l i g h t environment r e s u l t s i n germination and growth of 
the s e e d l i n g s . The i n i t i a l p o pulation of germinating p l a n t s i s 
then s u b j e c t e d t o m o r t a l i t y through l a c k of es t a b l i s h m e n t , 
p r e d a t i o n & fungal a t t a c k , competition, e r o s i o n and f r o s t damage, 
each of which reduces the population s i z e . 
S e l f p o l l i n a t i o n ( a c h a r a c t e r i s t i c of the Hypericacae ) 
removes any need f o r other p l a n t s to be p r e s e n t w i t h i n the gap or 
for e x t e r n a l p o l l e n . A f t e r seed production and d i s p e r s a l , the 
f r a c t i o n of the seed r a i n i n c o r p o r a t e d i n t o the seed bank must be 
measured i n order to produce a s i m u l a t i o n model. 
Demographic s i m u l a t i o n s of t h i s form have been produced 
(Sagar and Mortimer 1976) but r e q u i r e lengthy p e r i o d s of study i f 
the e r r o r s a s s o c i a t e d with the measurement of so many v a r i a b l e s 
are to be reduced t o an ac c e p t a b l e l e v e l . 
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F i g u r e 49. The p r o c e s s e s i n v o l v e d i n r e c r u i t m e n t to 
the Hypericum pulchrum seed bank of a woodland 
s o i l as a consequence of t r e e windthrow.during the 
pe r i o d when the canopy i s open. 
Windthrow 
Disturbance of the s o i l + canopy gap 
Seeds a t the s o i l s u r f a c e 
Germination ^ 
S e e d l i n g s 
Adult p l a n t s > 
P o l l i n a t i o n 
Seed production 
D i s p e r s a l 
Dormancy 
M o r t a l i t y of 
a l l p l a n t s 
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e x t i n c t i o n 
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A second method of d e r i v i n g the y e a r l y r a t e of seed input to 
the s o i l a t s e t d i s t a n c e s from the f a l l was t h e r e f o r e r e q u i r e d . 
The method chosen was to attempt to estim a t e the y e a r l y seed 
d e p o s i t i o n r a t e from the f i n a l seed d e n s i t i e s achieved a t the 
time of canopy c l o s u r e . These annual inputs were then p l o t t e d 
a g a i n s t the g i r t h of the f a l l i n g t r e e i n order to d e r i v e a 
recr u i t m e n t r e l a t i o n s h i p which can be used i n a s i m u l a t i o n model 
Parameter d e r i v a t i o n and s i m u l a t i o n of i n t e r a c t i o n s are 
d i v i d e d i n t o two s e c t i o n s , each a s s o c i a t e d with a separate 
s u b r o u t i n e . 
Subroutine REPFAC i s used to c a l c u l a t e the r e q u i r e d 
parameters for each f a l l i n g t r e e . These r e l a t e the g i r t h of the 
f a l l e n t r e e to the time taken f o r the canopy to c l o s e , a r e a of 
s o i l d i s t u r b a n c e and seed input a t s e t d i s t a n c e s from the f a l l . 
The d e r i v e d dimensions are s t o r e d i n two a r r a y s which are used 
a n n u a l l y w i t h i n the the s i m u l a t i o n by subroutine AUGMENT. 
Subroutine AUGMENT c a l c u l a t e s the seed input to the s o i l 
around the f a l l , u s i ng a random number generator with l i m i t s s e t 
by the parameters s t o r e d i n the a r r a y EQNS, produced by REFAC. 
The seed d e n s i t y i s i n c r e a s e d a n n u a l l y f o r each t r e e f a l l u n t i l 
regrowth c l o s e s the canopy. 
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i ) Parameters r e l a t i n g to subroutine REPFAC. 
The s i m u l a t i o n of f a l l g i r t h and a r r a y g r i d c o o r d i n a t e s has 
been d e s c r i b e d i n S e c t i o n 2.5.1 ( v ) , as has the method of 
c a l c u l a t i n g the length of time f or which the canopy i s open. 
i i ) Windthrow-soil d i s t u r b a n c e i n t e r a c t i o n , 
Putz (1983) measured the windthrown t r e e s of Barro Colorado 
I s l a n d t r o p i c a l f o r e s t s and demonstrated a r e l a t i o n s h i p between 
the g i r t h of a f a l l i n g t r e e and the ar e a of s o i l d i s t u r b e d . 
Following d i s t u r b a n c e of the seed bank, p l a n t s can c o l o n i s e 
p o t e n t i a l s i t e s which extend to the edges of the mound a r e a . The 
d i s t r i b u t i o n of seeds from a windthrown t r e e mound w i l l t h e r e f o r e 
be r e l a t e d to the s i z e of the s o i l d i s t u r b a n c e a r e a and 
consequently the g i r t h of the f a l l e n t r e e . 
A secondary e f f e c t which was r e v e a l e d i n S e c t i o n 1.9.2 ( i i ) 
i s t h a t seeds deposited on the d i s t u r b a n c e mound are c a r r i e d by 
e r o s i o n to the edges. There i s t h e r e f o r e a c o n c e n t r a t i o n of 
Hypericum seeds a t t h i s p o s i t i o n which must be taken i n t o 
c o n s i d e r a t i o n . 
Methods 
The g i r t h s of t r e e s which had f a l l e n w i t h i n the s e l f t h i n n i n g 
coppice and d i s t u r b e d the s o i l were measured a t 1.3 metres above 
ground l e v e l . Each t r e e f a l l mound was then surveyed to d e r i v e the 
dimensions i l l u s t r a t e d i n F i g u r e 50. 
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Figure 50. The dimensions measured f o r windthrown trees 
i n the areas o f coppice woods. 
n 
S o i l Mound 
S o i l p i t 
w 
Results. 
The data d e r i v e d from these measurements were used to 
c a l c u l a t e regressions of the r e l a t i o n s h i p between g i r t h and the 
dimensions H and W. Figures 51 and 52 i l l u s t r a t e these 
r e l a t i o n s h i p s . They demonstrate t h a t over the range of g i r t h s o f 
f a l l s w i t h i n the Tamar woodlands, the r e l a t i o n s h i p can be 
approximated t o a l i n e a r f u n c t i o n and regression equations 
c a l c u l a t e d . 
The derived equations 
H = 0.5925 X G + 20.98 
W = 1.308 X G + 12.47 
are used by TREFAL i n c a l c u l a t i o n of the disturbance dimensions 
of f a l l s w i t h i n the model stand. 
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Figure 51. Height of disturbance measured against g i r t h 
f o r t r e e f a l l s w i t h i n the coppice stands. 




G i r t h (cm) 
199-
Figure 52. Width of disturbance measured against g i r t h 
f o r t r e e f a l l s w i t h i n the coppice stands. 
W = 1.308(G) + 12.47 
300H 








G i r t h (cm) 
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i i i ) The g i r t h - seed bank recruitment r e l a t i o n s h i p 
f o r windthrow. 
I n Section l , 9 . 2 ( i i ) i t was est a b l i s h e d t h a t windthrown t r e e s 
can add Hypericum pulchrum seeds t o the s o i l seed bank and t h a t 
the i n p u t was grea t e s t a t the periphery o f the disturbance area. 
With i n c r e a s i n g g i r t h o f the f a l l i n g t r e e the areas o f s o i l 
disturbance and canopy gap are g r e a t e r . This exposes more 
Hypericum seeds and allows a longer p e r i o d of time f o r seed i n p u t 
t o the seed bank. I t would t h e r e f o r e be a n t i c i p a t e d t h a t there 
may be an approximate r e l a t i o n s h i p between the seed input a t a 
f i x e d distance from the f a l l and the g i r t h of the f a l l i n g t r e e . 
I n measuring t h i s r e l a t i o n s h i p i t should be noted t h a t t r e e s 
w i t h l a r g e r g i r t h s may be of greater age and f a l l above seed 
banks o f lesser d e n s i t y , p a r t i a l l y o f f s e t t i n g the e f f e c t s 
described above. Unf o r t u n a t e l y no account can be taken of the 
seed d e n s i t y of the d i s t u r b e d s o i l a t the time of the f a l l , due 
t o the extreme s p a t i a l v a r i a b i l i t y of the seed bank density 
(Section 1.9.2). However an estimate of the mean stand seed bank 
de n s i t y a t the time of f a l l may be made by use of the d e n s i t i e s 
measured i n the Tamar coppice survey, the time taken f o r the 
canopy t o close and the measured Hypericum pulchrum seed bank 
decay r a t e . 
There are a p r i o r i grounds f o r b e l i e v i n g t h a t i n i t i a l seed 
bank d e n s i t y and the size o f the f a l l e n t r e e may both play a p a r t 
i n determining the f i n a l i n p u t t o the seed bank. I f i t i s assumed 
t h a t f o l l o w i n g the f i r s t seed production ( i n the second year 
a f t e r the f a l l ) , the de n s i t y of p l a n t s e s t a b l i s h e d on the f a l l 
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i s determined by the a v a i l a b i l i t y o f s u i t a b l e s i t e s , erosion 
r a t e s and seedling competition w i t h mosses e t c , then the i n i t i a l 
seed bank d e n s i t y may not be a c r i t i c a l f a c t o r i n the f i n a l seed 
in p u t t o the s o i l . On the other hand, i f the number of s u i t a b l e 
c o l o n i s a t i o n s i t e s on the f a l l remains greater than the number of 
a r r i v i n g seeds, then the i n i t i a l d e n s i t y may be c r i t i c a l . 
I n order t o examine the r e l a t i o n s h i p of i n i t i a l seed bank 
de n s i t y a t the time of f a l l t o the f i n a l seed i n p u t t o the s o i l 
from the disturbance, i t would be necessary t o measure a s e r i e s 
of f a l l s of equal g i r t h w i t h i n areas o f d i f f e r i n g seed bank 
d e n s i t y . There were not s u f f i c i e n t t r e e f a l l s t o do t h i s and so, 
f o r the purposes of TREFAL, i t was assumed t h a t disturbance area 
i s the c r i t i c a l f a c t o r and t h a t seed bank d e n s i t y a t the time o f 
f a l l has no i n f l u e n c e . 
Bearing i n mind these l i m i t a t i o n s , an experiment was 
conducted i n order t o determine the r e l a t i o n s h i p between the 
g i r t h of f a l l i n g t r e e s and the completed seed i n p u t t o the s o i l 
at the time of canopy gap c l o s u r e . 
Methods 
The g i r t h s of e i g h t f a l l e n t r e e s , a l l of which were known t o 
have r e i n f o r c e d the Hypericum pulchrum seed bank, were measured 
at a p o i n t t h a t was equivalent t o 1.3 m above ground l e v e l when 
standing. The t r e e s covered a range of g i r t h s from 85 - 240 cm, 
and each disturbance revealed evidence of recent closure by the 
presence on the d i s t u r b e d s o i l o f e t i o l a t e d Hypericum pulchrum 
p l a n t s which produced few seeds a f t e r f l o w e r i n g . 
-202-
Using the t r e e r i n g methods described i n Section 2.5.1 ( i i i ) 
the year of f a l l and time taken f o r the canopy t o close over each 
disturbance were c a l c u l a t e d . The area of s o i l surrounding each 
f a l l was then sampled using the s o i l corer i n the p a t t e r n 
described i n Figure 53. 
Figure 53. The core sampling p a t t e r n s f o r t r e e f a l l 
d isturbance. 
30 60 90 12 0 c m 
0 0 0 0 
Edge of disturbance 
On the disturbance 
Section 1.9.2 ( i i ) demonstrated t h a t the m a j o r i t y of seeds 
w i t h i n the s o i l of the r e i n f o r c e d area are present at the edge of 
the disturbance. They a r r i v e a t t h i s p o s i t i o n both through 
d i s p e r s a l from the p l a n t s and erosion of the disturbance mound. 
The c o r i n g p o s i t i o n s must all o w f o r t h i s c o n c e n t r a t i o n as w e l l as 
the increase i n size of the d i s t u r b e d area w i t h l a r g e r t r e e 
g i r t h s . To achieve t h i s cores were removed from the disturbance 
i t s e l f , from the edge of the disturbance, and a t 30cm i n t e r v a l s 
extending out from the d i s t u r b e d area. The 30cm i n t e r v a l was t o 
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enable a d i r e c t c o r r e l a t i o n w i t h the seed bank array o f the 
TREFAL s i m u l a t i o n . 
Data from the t r a n s e c t o f cores removed when examining the 
d i s t r i b u t i o n of Hypericum seed from t r e e 16 (Section 1.9.2 ( i i ) ) , 
were also used i n the f i n a l a n a l y s i s . 
I n t e r p r e t a t i o n and an a l y s i s of measured core d e n s i t i e s 
i n r e l a t i o n t o the requirements o f TREFAL. 
The d e n s i t i e s o f seed recorded a t the various sampling 
p o s i t i o n s on the e i g h t t r e e f a l l s are recorded i n Table 14. TREFAL 
requi r e s an estimate of the seed i n p u t per year a t a given 
distance from a t r e e f a l l of s p e c i f i c g i r t h . I n order t o c a l c u l a t e 
t h i s i n p u t several assumptions concerning the in p u t must be made. 
Seed i n p u t t o the s o i l d u r i n g the p e r i o d when the canopy i s open 
w i l l r i s e , as the p l a n t s colonise the f a l l disturbance and then 
d e c l i n e as the canopy closes and the other species { e s p e c i a l l y 
Rubus and mosses ) colonise the disturbance (Figure 54). 
Figure 54. The time course of Hypericum pulchrum seed i n p u t 
on a s i n g l e t r e e f a l l . 
Seed i n p u t 




Table 14 The N2 seeds / core removed a t f i v e p o s i t i o n s on 
and adjacent t o windthrows which had complete 
canopy above them. 
F a l l 
No 






d e n s i t y 
(per core) 
Measured core density 
A B C D E 















170 32 1.5 0 14 3 7 0 
10 8 1 12 30 
0 15 5 25 16 
11 90 19 1.5 0 10 3 3 0 
19 41 16 6 0 
1 12 0 3 0 
14 31 4 7 3 








16 100 23 1.5 0 4 34 14 7 
2 26 92 0 3 
0 0 1 2 29 
0 0 1 0 12 
6 0 0 0 4 
27 3 13 11 20 
0 2 8 1 4 
23 160 34 1.5 0 0 2 3 5 
15 0 0 3 0 
10 13 40 12 7 
24 240 25 1.5 1 1 11 9 1 
0 4 8 7 8 
0 0 0 12 6 
A - On the disturbance 
B - Edge of the disturbance 
C - 30 cm from the edge 
D - 60 cm from the edge 
E - 90 cm from the edge 
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C l e a r l y the exact shape o f the seed recr u i t m e n t curve, whose 
general form i s shown i n Figure 54, cannot be determined other 
than by d i r e c t observation and also w i l l probably be d i f f e r e n t 
f o r each t r e e . 
I n order t o overcome t h i s problem TREFAL assumes t h a t the 
f i n a l seed bank i s produced by a uniform i n p u t throughout the 
reinforcement p e r i o d (Figure 55). 
Figure 55. The average uniform seed d e n s i t y input t o the s o i l 
used by TREFAL. 
Seed i n p u t 
per u n i t 
area 
Time(yrs) 
The assumed r a t e w i l l be the average of t h a t from the f a l l 
date t o canopy c l o s u r e . For a constant seed bank decay r a t e , the 
t o t a l seed input t o any p o i n t i s given by 
Tr i i - l J-2 a d + a d + a d + a d + a d 
i-1 1 1 2 3 
where Tr i s the seed d e n s i t y a t the end of a per i o d of i years; 
a i s the seed i n p u t a t t h a t p o s i t i o n i n year i and d the average 
annual seed bank decay r a t e f o r t h a t species. 
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The average seed input a i s given by 
a = a + a + a 
1 2 i 
n = 1 
and T = a 
n = 1 
Where T i s an estimate of Tr a t any given c o r i n g p o s i t i o n . 
At the time o f sampling the number o f seeds present i n the s o i l 
core Tc i s given by 
Tc = Tr +Tb 
Where Tb i s the background l e v e l of seed bank d e n s i t y . By 
s u b t r a c t i n g the average background l e v e l a t the time o f sampling 
the number o f seeds deposited du r i n g reinforcement can be 
es t a b l i s h e d . 
Therefore T = Tc- Tb 
and "a = Tc - Tb 
x=i 
(1) 
x = l 
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The average seed i n p u t per year a t a given p o i n t on or around 
the t r e e f a l l disturbance i s derived from the measured core 
d e n s i t y Tc by use of equation ( 1 ) . The values o f d derived from 
the young coppice woodlands and of Tc from the t r e e f a l l s o i l can 
be used t o c a l c u l a t e the average seed in p u t s at various c o r i n g 
p o s i t i o n s from the data i n Table 14, and these derived values are 
presented i n Table 15. 
Table 15 The derived average annual seed i n p u t , a 
(N- seeds / m^ / year), a t p o s i t i o n s on and adjacent 
t o windthrows which had complete canopy above them. 
F a l l P o s i t i o n 
N2 A B C D E 
Average seed in p u t 
6 78.0 183.3 97.5 27.9 3,9 
7 92.0 122.8 8.3 39.0 11.2 
8 27.9 107.0 16.5 135.3 141.5 
11 93.1 272.9 57.4 40.3 4.7 
13 0 9.5 36.6 39.3 33.8 
16 49.0 46.6 226.6 36.2 110.1 
23 71.1 37.2 126.0 43.6 29.0 
24 0 9.0 57.8 84.8 39.7 
A - On the disturbance 
B - Edge of the disturbance 
C - 30 cm from the edge 
D - 60 cm from the edge 
E - 90 cm from the edge 
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Discussion o f r e s u l t s -
Figures 56, 57, 58, 59, and 60 show the c a l c u l a t e d inputs 
p l o t t e d against the g i r t h o f the f a l l i n g t r e e f o r each cored 
p o s i t i o n . I n the absence of evidence of c u r v i l i n e a r 
r e l a t i o n s h i p s , l i n e a r regressions have been performed on each 
data set and the equations are presented w i t h the f i g u r e s . 
The v a r i a t i o n about the regression i s very large and appears 
t o change w i t h g i r t h . I t can be seen t h a t f o r the f i r s t three 
c o r i n g p o s i t i o n s , ( on and a t the edge of the d i s t u r b e d area and 
30cm from the disturbance ) , there i s an apparent decrease i n 
seed i n p u t w i t h i n c r e a s i n g g i r t h . The 60cm sample p o s i t i o n 
i l l u s t r a t e s increased i n p u t w i t h i n c r e a s i n g g i r t h , although the 
variance o f the data i s considerable. F i n a l l y the i n p u t a t 90cm 
seems unre l a t e d t o g i r t h . 
Before discussing these r e s u l t s , i t might be u s e f u l b r i e f l y 
t o summarise those c h a r a c t e r i s t i c s o f a windthrown s o i l 
disturbance which may have an i n f l u e n c e on the y e a r l y 
i n t r o d u c t i o n of Hypericum pulchrum seed t o the s o i l . 
F i r s t , disturbance area, which a f f e c t s : 
a) the number of seeds exposed a t the s o i l surface 
b) the number of s i t e s s u i t a b l e f o r e x p l o i t a t i o n by 
Hypericum pulchrum 
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Second, canopy gap s i z e , which a f f e c t s : 
c) the l i g h t environment of the s o i l area 
d) the time required f o r the t r e e s surrounding the gap t o 
grow and close i t . 
I n i n i t i a t i n g the seed bank reinforcement survey i t was 
p o s t u l a t e d t h a t w i t h increased g i r t h of the f a l l i n g t r e e a l l f o u r 
of these c h a r a c t e r i s t i c s would increase, w i t h a corresponding 
increase i n the number of seeds added t o the seed bank. The 
r e s u l t s of the survey i n d i c a t e t h a t t h i s may not be the case. 
Several c h a r a c t e r i s t i c s of the t r e e f a l l which a l t e r w i t h g i r t h 
need t o be reconsidered i n an attempt t o e x p l a i n the r e s u l t s . 
The f i r s t p o s s i b i l i t y concerns the time span of seed bank 
reinforcement. I t i s assumed t h a t seeds were d i s t r i b u t e d t o the 
s o i l over the p e r i o d of time f o r which the canopy was open. The 
gap time span can then be used as described p r e v i o u s l y t o 
e s t a b l i s h the y e a r l y seed i n p u t . I f f o r any reason (seedling 
competition w i t h mosses, eros i o n , etc) the reinforcement p e r i o d 
were r e s t r i c t e d t o a s h o r t e r time than t h a t f o r which the canopy 
was open then e r r o r s would occur. However, examination of 
t r e e f a l l s throughout the woodlands shows t h a t seed i s produced 
throughout the open phase, although competition w i t h mosses does 
r e s t r i c t c o l o n i s a t i o n o f the mound by seedlings. The time f a c t o r 
can t h e r e f o r e be considered as not having a s i g n i f i c a n t e f f e c t . 
A second possible explanation f o r a decrease i n the y e a r l y 
i n p u t of seeds w i t h i n c r e a s i n g t r e e g i r t h , i s the e f f e c t of 
increased area and volume of disturbance on the environment of 
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the seeds and seedlings which e s t a b l i s h on the s o i l . As the 
disturbance area increases i t has been assumed t h a t the 
a d d i t i o n a l s o i l contains approximately the mean seed bank d e n s i t y 
of Hypericum pulchrum. The number of s i t e s a v a i l a b l e f o r 
c o l o n i s a t i o n has also been assumed t o increase i n d i r e c t 
p r o p o r t i o n t o the disturbance area and hence t r e e g i r t h . I n 
r e a l i t y an increase i n the g i r t h of the f a l l i n g t r e e r e s u l t s i n 
l a r g e r , higher s o i l mounds and deeper p i t s . The seeds of 
Hypericum pulchrum are concentrated i n the upper 10cm of the s o i l 
(Section 1.6.2 ( i i ) ) and the s o i l of the p i t and the base of the 
ro o t b a l l t h e r e f o r e c o n t a i n very low seed d e n s i t i e s . I n these 
areas c o l o n i s a t i o n does not take place u n t i l erosion has released 
the s o i l and uncovered seeds of the upper l a y e r s , unless seed i s 
deposited from p l a n t s elsewhere on the disturbance. The increased 
height o f the s o i l mound and steeper slopes lead t o greater r a t e s 
of erosion than on smaller f a l l s . A greater p e r i o d of time i s 
t h e r e f o r e r e q u i r e d f o r the s o i l t o s t a b i l s e , making establishment 
by seedlings d i f f i c u l t . 
Personal observations suggest t h a t two a d d i t i o n a l 
environmental v a r i a b l e s which have a s u b s t a n t i a l e f f e c t on the 
la r g e r t r e e f a l l mounds are drought and f r e e z i n g o f the s o i l . As a 
consequence o f increased gap s i z e , greater wind speeds and f a s t e r 
drainage due t o the r a i s e d aspect o f the mound sides, the l a r g e r 
f a l l s are subject t o drought d u r i n g the summer. The s o i l crumbles 
and erodes t o the lower slopes, removing e s t a b l i s h e d seedlings. 
I n w i n t e r t r e e f a l l mounds beneath gaps i n the canopy freeze t o a 
depth of up t o 10 cm, s u b j e c t i n g the seedlings t o heavy 
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m o r t a l i t y . Each o f these environmental e f f e c t s may act t o reduce 
the number o f p l a n t s and r e s t r i c t the increase i n density w i t h 
increased mound s i z e . 
I f L i s taken t o be a l i n e a r dimension of the s o i l mound (eg 
the average radius of d i s t u r b a n c e ) , the volume of s o i l d i s t u r b e d 
increases as a cube o f L. I f w i t h increased s i z e of the f a l l , the 
number of seeds r e s u l t i n g from germination e t c , does not f o l l o w 
an eq u i v a l e n t increase, then there w i l l be a r e d u c t i o n i n average 
s o i l seed d e n s i t y w i t h i n c r e a s i n g f a l l g i r t h . This s i t u a t i o n w i l l 
a r i s e i f , as seems l i k e l y , the seed production increases i n 
p r o p o r t i o n t o surface area o f the mound. 
The r e c r u i t m e n t r e l a t i o n s h i p s d e r i v e d f o r the seed bank i n p u t 
f o l l o w two forms. Those measured on the disturbance, a t the edge 
of the mound and 30 cm from the mound i l l u s t r a t e decreases i n 
seed d e n s i t y w i t h increased g i r t h . For the reasons described t h i s 
may be caused by a f a i l u r e of the seed production t o increase 
p r o p o r t i o n a t e l y w i t h the changes i n disturbance volume. Away from 
the mound a t 60 and 90 cm the de n s i t y increases or remains 
constant i n r e l a t i o n t o g i r t h . At these p o s i t i o n s s o i l does not 
d i l u t e the f a l l i n g seed and any increase r e f l e c t s the t o t a l 
increase i n production on the l a r g e r mound. 
C l e a r l y these r e s u l t s are based on assumptions made from a 
r e s t r i c t e d data set and any inferences can only be used as guides 
t o f u r t h e r a n a l y s i s of the p a t t e r n o f seed d e p o s i t i o n around the 
f a l l e n t r e e mounds. The regression equations c a l c u l a t e d from the 
data are used i n subroutine REPFAC t o model the seed i n p u t from a 
f a l l w i t h the degree o f ca u t i o n t h a t the above r e s t r i c t i o n s place 
on the r e s u l t s . 
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Figure 56. The annual Hypericum pulchrum seed input t o the 
f a l l mound p l o t t e d against the g i r t h of the 
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F i g u r e 5 7 . The annual Hypericum pulchrum seed input to the 
seed bank a t the edge of the s o i l d i s t u r b a n c e 
mound. 
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F i g u r e 58. The annual Hypericum pulchrum seed input to the 
s o i l a t 30cm from the edge of the d i s t u r b a n c e 
mound. 
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F i g u r e 59. The annual Hypericum pulchrum seed input to the 
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F i g u r e 60. The annual Hypericum pulchrum seed input to the 
s o i l a t 90cm from the edge of the d i s t u r b a n c e 
mound. 
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i v ) S i m u l a t i o n of the windthrown seed input matrix 
Each t r e e which f a l l s w i t h i n the s i m u l a t i o n model TREFAL 
i n i t i a t e s a s e r i e s of c a l c u l a t i o n s which determine the annual 
reinforcement of the surrounding seed bank. The data from these 
c a l c u l a t i o n s , performed by subroutine REPFAC, are s t o r e d i n the 
two dimensional a r r a y s IRFAC, an i n t e g e r a r r a y of 9 parameters 
and EQNS, a r e a l a r r a y with 10. A new f a l l b r i n g s about an 
e x t e n s i o n of these a r r a y s by a d d i t i o n of the new data s e t . 
v) IRFAC parameters 
The counter I F C i s used to r e f e r to the number of the 
t r e e f a l l w i t h i n the s i m u l a t i o n model. 
IRFAC ( I F C , 1 ) : T h i s value i s the length of time taken f o r 
the canopy to c l o s e over the f a l l e n t r e e . I t i s d e r i v e d from the 
equation measured i n S e c t i o n 2 . 5 . 1 ( i v . ) 
Time to c l o s e ( y r s ) = INT( 10r(2.708E-3 x 6 + 0.924)) 
T h i s value determines the length of time f o r which seed bank 
reinforcement t a k e s p l a c e f o r any t r e e f a l l . 
IRFAC ( I F C , 2 ) : T h i s a r r a y v a l u e , i n i t i a l l y s e t to zero, 
determines the number of y e a r s f o r which seed has been 
r e i n t r o d u c e d to the s o i l from the f a l l . The parameter i s used by 
the seed d i s p e r s a l subroutine AUGMENT, and i s i n c r e a s e d by a u n i t 
value w i t h each input of seed. I f IRFAC(IFC,2) = IRFAC(IFC,1) 
seed input has f i n i s h e d . 
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I R F A C ( I F C , 3 ) : T h i s i s the X va l u e of the t r e e f a l l 
c o o r d i n a t e s on the stand seed bank a r r a y g r i d . 
I R F A C ( I F C , 4 ) : T h i s i s the Y coordinate on the stand seed bank 
a r r a y g r i d . 
I R F A C ( I F C , 5 - 8 ) : These ar e the a r r a y p o s i t i o n s r e c o r d i n g the 
dimensions of the are a of s o i l d i s t u r b a n c e . The use of a g r i d of 
ar r a y squares i n si m u l a t i n g the stand seed bank ensures t h a t a 
s i m p l i f i c a t i o n of the d i s t u r b a n c e a r e a shape must be used. The 
area i s reduced to a r e c t a n g l e of base W and a height 2H, where W 
and H are the dimensions measured i n s e c t i o n 2 . 5 . 3 ( i ) 
W = 1.308 G + 12.47 
H = 0.5925 G + 20.98. 
F i g u r e 61 p r e s e n t s the d i s t u r b a n c e f o r a t r e e f a l l as i t i s 
simulated on the a r r a y g r i d i n r e l a t i o n to the f a l l X, Y 
co o r d i n a t e s . The va l u e s of a — d correspond to IRFAC ( I F C , 5 - 8 ) . 
IRFAC (IFC,9) T h i s a r r a y value i s r e s e r v e d for use by 
subroutine AUGMENT. I t i s used to t e s t whether seed has been 
d i s p e r s e d to the s o i l i n any y e a r s l e a d i n g up to t h a t i n the 
c a l c u l a t i o n a t the time of input. A f u r t h e r e x p l a n a t i o n w i l l be 
presented when d e s c r i b i n g the AUGMENT s i m u l a t i o n . 
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v i ) EQNS parameters 
Array EQNS s t o r e s the parameters f o r the mean and v a r i a n c e of 
seed input to the s o i l a t the d i s p e r s a l d i s t a n c e s measured i n 
S e c t i o n 2,5.2 ( i i i ) . 
S ubroutine REPFAC examines whether the g i r t h of the f a l l e n 
t r e e i s s u f f i c i e n t to c r e a t e a canopy gap and a l l o w seed 
r e c r u i t m e n t . I f the g i r t h i s l e s s than 76cm ( S e c t i o n 2.5.1 ( i i i ) ) 
then the reinforcement parameters a r e a l l s e t t o zero. I f equal 
to or g r e a t e r than 76cm the equations f o r the measured d e n s i t y of 
seed input to the f a l l a r e a , the edge, 30, 60 and 90 cm a r e used 
to c a l c u l a t e the mean v a l u e s of the model seed d e p o s i t i o n 
d i s t r i b u t i o n f o r t h a t f a l l . The v a r i a n c e about the d i s t r i b u t i o n 
mean i s given by the v a r i a t i o n measured i n the r e g r e s s i o n 
equations of S e c t i o n 2.5.2 ( i i i ) . The odd v a l u e s of i i n 
EQNS(IFC,i) r e f e r to the means c a l c u l a t e d from the equations, the 
even v a l u e s of i r e f e r to the v a r i a n c e of the d a t a . 
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v i i ) I n v e s t i g a t i o n of the seed d e n s i t y r e q u i r e d f o r 
r e c r u i t m e n t to the seed bank by windthrow. 
The f a l l of a t r e e which c r e a t e s the r e q u i r e d c o n d i t i o n s f o r 
germination of Hypericum pulchrum w i l l r e s u l t i n a recruitment to 
the surrounding s o i l only i f s u f f i c i e n t seeds a r e d i s t u r b e d . I f 
very few seeds a r e exposed then no s e e d l i n g s may s u r v i v e to 
maturity and there w i l l be no input. 
The r a t e of d e c l i n e i n s e e d l i n g d e n s i t y measured on the f a l l 
d i s t u r b a n c e i s the r e s u l t of a combination of p r e d a t i o n , 
competition, drought, f r o s t damage and e r o s i o n . These p r o c e s s e s 
are d i r e c t l y or i n d i r e c t l y r e l a t e d to the s i z e of the canopy gap 
c r e a t e d by the f a l l i n g t r e e . A canopy opening a l l o w s i n c r e a s e d 
drought and f r o s t damage, and consequently i n c r e a s e d e r o s i o n 
r a t e s . G r e a t e r l i g h t l e v e l s i n c r e a s e s e e d l i n g growth r a t e s but 
a l s o a l l o w more r a p i d i n v a s i o n of other s p e c i e s eg. Rubus 
f r u t i c o s u s . 
I n g e n e r a l a minimum number of seeds must be exposed i n order 
to produce any r e c r u i t m e n t to the seed bank. Si n c e the number of 
seeds exposed i s l a r g e l y a f u n c t i o n of seed bank d e n s i t y , there 
i s a t h r e s h o l d of b u r i e d seed d e n s i t y f o r a f a l l of given s i z e , 
below which d i s t u r b a n c e w i l l not r e s u l t i n seed bank 
reinforcement. U n f o r t u n a t e l y the r e l a t i v e l y simple model used 
here cannot take account of the i n e v i t a b l e s p a t i a l and temporal 
v a r i a t i o n i n s e e d l i n g m o r t a l i t y , and t h e r e f o r e a mean constant 
t h r e s h o l d seed bank d e n s i t y must be used. An example of such 
temporal v a r i a t i o n i s t h a t the s e e d l i n g s of the r e l a t e d Hypericum 
perforatum are p a r t i c u l a r l y s u s c e p t i b l e to drought ( T i s d a l e et ail959) 
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and t h e r e f o r e i t may be t h a t f or Hypericum pulchrum the dry 
summers of 1976 and 1981 i n c r e a s e d the r e l e v a n t t h r e s h o l d l e v e l s 
f o r those y e a r s . 
Two experiments were c a r r i e d out i n order to a s s e s s the 
e f f e c t s of seed bank d e n s i t y and s e e d l i n g m o r t a l i t y on the 
d e n s i t y of mature p l a n t s produced a f t e r 1 year of growth. The 
f i r s t compared the s e e d l i n g m o r t a l i t y r a t e s on f a l l s beneath 
complete canopies and canopy gaps, w i t h i n two stands of known 
age. The second used d i f f e r i n g known seed bank d e n s i t i e s i n order 
to e v a l u a t e a t h r e s h o l d l e v e l f o r the TREFAL model. 
v i i i ) An i n v e s t i g a t i o n of the i n f l u e n c e of m o r t a l i t y 
of Hypericum pulchrum s e e d l i n g s on the d e n s i t y 
of f i r s t year p l a n t s produced on a t r e e f a l l mound. 
With i n c r e a s i n g woodland age, t r e e g i r t h , canopy a r e a and 
consequently windthrow canopy gap s i z e i n c r e a s e . Tree d e n s i t y 
d e c r e a s e s and l i g h t l e v e l s beneath the canopy i n c r e a s e . Does t h i s 
reduce the m o r t a l i t y of s e e d l i n g s growing on mounds i n old e r 
woodland stands, w i t h a consequent r e d u c t i o n i n t h r e s h o l d 
d e n s i t i e s f o r a given f a l l g i r t h ? I n an attempt to answer t h i s 
q u e s t i o n , a r t i f i c i a l t r e e f a l l mounds were c r e a t e d i n two stands 
of d i f f e r i n g age. S u r v i v o r s h i p of the cohorts of s e e d l i n g s 
germinating on these d i s t u r b a n c e s was then followed f o r a ye a r . 
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Methods. 
Two stands of coppice w i t h i n the T a v i s t o c k Woodland E s t a t e 
were examined f o r gaps i n the canopy c r e a t e d by t r e e f a l l s which 
d i d not produce s o i l d i s t u r b a n c e . These a r e the r e s u l t o f 
snapping of the trunk e i t h e r through wind damage or d i s e a s e . 
Within each such canopy gap an a r t i f i c i a l s o i l d i s t u r b a n c e was 
c r e a t e d by removal of one square metre of s o i l t o a depth of 
20cm. The s o i l e x t r a c t e d was l a i d i n a p i l e beside the p i t , 
s i m u l a t i n g the mound and p i t c r e a t e d by a n a t u r a l windthrow. 
An e q u i v a l e n t number o f d i s t u r b a n c e s were then c r e a t e d 
beneath the t r e e canopy w i t h i n each stand a r e a , a l l o w i n g a 
comparison wi t h the canopy gap r e s u l t s . 
T able 16 shows the a r e a s chosen, t h e i r canopy age, the number 
of d i s t u r b a n c e s c r e a t e d w i t h i n them and the Hypericum pulchrum 
seed bank d e n s i t i e s measured i n s e c t i o n 1.9.2, T h i s r e v e a l e d a 
s i g n i f i c a n t l y h i g h e r ( p < 0.05 ) d e n s i t y of seeds i n the s o i l of 
the younger woodland. 
Table 16. The s t a t i s t i c s d e r i v e d f o r the two a r e a s c o n t a i n i n g 
the s i m u l a t e d t r e e f a l l s . 
Number of F a l l s 
Area Age Open Closed Seed bank 
(y r s ) gap canopy density/m^ 
D l f 130 9 9 412 
D2b 160 6 7 278 
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The d i s t u r b a n c e s were c r e a t e d i n February of 1984 and 
examined as o f t e n as p o s s i b l e u n t i l March 1985. Each s e e d l i n g was 
given a p l a s t i c l a b e l which allowed i n d e n t i f i c a t i o n of f r e s h 
germinations and m o r t a l i t y a t each v i s i t . 
Using a MEGATRON LUX METER four readings of l i g h t l e v e l s were 
recorded above each a r t i f i c i a l t r e e f a l l d i s t u r b a n c e . The 
measurements were taken beneath a cloud covered sky i n J u l y 1984; 
cloud cover d i f f u s e s the i n c i d e n t l i g h t and removes i n a c c u r a c i e s 
caused by s u n f l e e k s . A s e r i e s of readings were a l s o taken i n 
c l e a r f e l l e d a r e a s to enable a comparison of canopy, canopy gap 
and open canopy l i g h t l e v e l s . 
R e s u l t s 
T a b l e s 17 a & b show the l i g h t i n t e n s i t i e s measured above the 
d i s t u r b a n c e c r e a t e d both under the canopy and w i t h i n the t r e e f a l l 
gaps. The v a l u e s are c a l c u l a t e d from a mean of four r e a d i n g s . The 
mean l i g h t l e v e l of a c l e a r f e l l e d a r e a measured a t the same time 
was 13680 Lux . 
The l i g h t l e v e l s d i f f e r s i g n i f i c a n t l y between canopy gaps and 
i n t a c t canopy for both a r e a s (p<0.025), between the two i n t a c t 
canopies (p<0.025) and a l s o between the canopy gaps f o r the two 
are a s although the d i f f e r e n c e i n the l a t t e r i s not s t a t i s t i c a l l y 
s i g n i f i c a n t (p<0.1). As a n t i c i p a t e d the o l d e r stand has higher 
l i g h t l e v e l s beneath the canopy and, presumably due t o the 
g r e a t e r s i z e of the f a l l i n g t r e e s , i n c r e a s e d l i g h t a t ground 
l e v e l w i t h i n the f a l l a r e a s . 
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Table 1 7 ( a ) . The mean i n t e n s i t y of i n c i d e n t l i g h t beneath the 
canopy and canopy gaps f o r ar e a D l f . 
Open gap Canopy cover 
F a l l L i g h t F a l l L i g h t 
No I n t e n s i t y No I n t e n s i t y 
( l u x ) (lux) 
1 1250 10 505 
2 2463 11 740 
3 975 12 685 
4 1425 13 460 
5 1550 14 545 
6 635 15 430 
7 715 16 315 
8 605 17 655 
9 960 18 480 
"x 1175.3 X 590.6 
Table 17 (b) The mean i n t e n s i t y of i n c i d e n t l i g h t beneath 
the canopy and canopy gaps f o r ar e a D2b. 
Open gap Canopy cover 
F a l l L i g h t F a l l L i g h t 
No I n t e n s i t y No I n t e n s i t y 
( l u x ) (lux) 
1 1263 7 675 
2 1100 8 790 
3 2063 9 900 
4 1675 10 575 
5 1925 11 1235 
6 1613 12 855 
13 680 
x 1606.5 X 815.7 
0 0 0 4 3 W a t t s / s q m = 1 L u i 
-225-
Recruitment t o the a r t i f i c i a l d i s t u r b a n c e . 
T a b l e s 18 a,b,c and d show the numbers of seeds germinating 
between each sampling date. The f i r s t germinations d i d not occur 
u n t i l l a t e June, throughout both stands i n the gaps and beneath 
the canopy. I t i s known t h a t Hypericum s p e c i e s r e q u i r e 
r e l a t i v e l y high temperatures i n order to germinate. Grime e t al098i) 
r e p o r t t h a t Hypericum pulchrum w i l l not germinate a t temperatures 
below 11®c i n the f i e l d . I n the South West the summer of 1984 was 
l a t e , w i t h a long c o o l s p r i n g , which may account f o r the timing 
of germination. During each survey year seeds w i t h i n s o i l 
samples, p l a c e d i n the polythene t u n n e l s a t Rumleigh Experimental 
S t a t i o n , germinated s e v e r a l weeks ahead of those i n the f i e l d . 
T h i s i n d i c a t e s t h a t e x t e r n a l temperature may be the major f a c t o r 
c o n t r o l l i n g the date of the f i r s t germinations of Hypericum. 
The importance of the timing of germination i s r e l a t e d to the 
time a t which the l e a f canopy of the t r e e s i s complete. 
Germination i n June ensures t h a t the s e e d l i n g s grow beneath the 
complete canopy shade, u n l e s s w i t h i n a f a l l gap. T h i s may reduce 
both germination percentage and s u r v i v o r s h i p of s e e d l i n g s . 
The e f f e c t of a canopy on germination can be a s s e s s e d by 
comparing the average numbers of s e e d l i n g s germinated throughout 
the year on the d i s t u r b a n c e beneath the canopy with those w i t h i n 
canopy gaps. A t t e s t shows t h a t canopy has no e f f e c t on 
germination and i t can be p o s t u l a t e d t h a t the seeds r e c e i v e d 
s u f f i c i e n t l i g h t through the canopy or before l e a f break to 
s t i m u l a t e germination. As a l r e a d y s t a t e d the date of germination 
may t h e r e f o r e be mainly a f f e c t e d by the onset of a s u i t a b l e 
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Table 18 a A r t i f i c i a l T r e e f a l l i n a r e a D l f . 
Open canopy r e c r u i t m e n t 
SAMPLING DATE. 
FALL N2 21.6.84 11.7.84 17.8.84 27.9.84 10.11.84 23.3.85 TOTAL 
1 5 4 2 0 0 0 11 
2 6 0 0 2 0 0 8 
3 13 1 4 2 0 0 20 
4 3 3 0 1 0 0 7 
5 5 1 1 0 0 0 7 
6 9 4 3 0 0 0 16 
7 7 0 8 3 2 0 20 
8 2 1 3 0 0 0 6 
9 6 1 1 1 0 0 9 
x 6.22 1.67 2.44 1.0 0.22 0 11.56 
S.D 3,27 1.58 2.5 1.12 0.67 0 5.64 
%of Tot 53.81 14.45 21.11 8.65 1.90 0 
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Table 18 b A r t i f i c i a l T r e e f a l l i n a r e a D l f 
Closed canopy r e c r u i t m e n t . 
SAMPLING DATE. 
FALL NO 21.6.84 11.7.84 17.8.84 27.9.84 10.11.84 23.3.85 TOTAL 
10 13 5 0 1 1 0 20 
11 8 0 2 2 0 0 12 
12 10 1 0 0 1 0 12 
13 5 2 1 0 0 0 8 
14 6 1 0 0 0 0 7 
15 7 1 1 0 1 0 10 
16 2 0 0 0 0 0 2 
17 6 1 1 1 0 0 9 , 
18 5 1 2 0 1 0 9 
X 6.89 1.33 0.76 0.56 0.44 0 9.89 
S.D 3.18 1.50 0.83 0.73 0.53 0 4.83 
%of Tot 69.67 13.45 7.89 5.67 4.45 0 
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Table 18 c A r t i f i c i a l T r e e f a l l i n a r e a D2b, 
Open canopy r e c r u i t m e n t . 
SAMPLING DATE. 
FALL No 21.6.84 11.7.84 17.8.84 27.9,84 10.11.84 23.3.85 TOTAL 
1 30 7 8 3 0 0 48 
2 9 0 1 1 1 0 12 
3 26 6 3 5 0 0 40 
4 9 0 6 0 0 0 15 
5 5 2 5 1 0 0 13 
6 27 8 12 9 0 0 56 
X 17.67 3.83 5.83 3.17 0.17 0 30,67 
S.D 11.3 3.60 3.87 3.37 0.44 0 19.67 
%of Tot 57.61 12.49 19.01 10.34 0.55 0 
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Table 18 d A r t i f i c i a l T r e e f a l l i n a r e a D2b 
Closed canopy r e c r u i t m e n t . 
SAMPLING DATE. 
FALL m 21.6.84 11.7.84 17.8.84 27.9.84 10.11.84 23.3.85 TOTAL 
7 11 1 1 0 0 0 13 
8 7 2 6 4 0 0 19 
9 12 5 3 0 0 0 20 
10 31 25 16 4 0 0 76 
11 20 7 2 4 0 0 33 
12 22 4 6 4 1 0 37 
13 11 2 3 0 0 0 16 
3? 16.28 6.57 5.29 2.29 0.14 0 30.57 
S.D 8.40 8.38 5.09 2.14 0.38 0 21.90 
%of Tot 53.25 21.49 17.30 7.49 0.56 0 
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temperature regime and/or exposure by e r o s i o n . 
An examination of Tables 18 a,b,c and d r e v e a l s t h a t i n a l l 
d i s t u r b a n c e s , the m a j o r i t y of s e e d l i n g s appeared i n an i n i t i a l 
germination f l u s h ; r e s p o n s i b l e f o r 50-70% of the t o t a l s e e d l i n g s 
marked throughout the y e a r . Subsequently germination d e c l i n e d and 
ended i n September. Germination throughout the year beneath both 
canopy and gaps p o i n t s to s u f f i c i e n t l i g h t r e a c h i n g the seeds 
through the canopy a f t e r exposure by e r o s i o n . 
Table 19 compares germination f o r each sampling o c c a s i o n 
between the two stand a r e a s . The data f o r the canopy gaps 
i l l u s t r a t e s i g n i f i c a n t d i f f e r e n c e s between the s i t e s f o r 2 of the 
sampling o c c a s i o n s (the f i r s t and t h i r d ) . The complete canopy 
a r e a s have s i g n i f i c a n t d i f f e r e n c e s f o r t h r e e sampling o c c a s i o n s . 
I n a l l c a s e s more seeds germinated i n a r e a D2b than D l f and 
d i f f e r e n c e s w i t h i n s i t e s were not s i g n i f i c a n t . 
As d e s c r i b e d p r e v i o u s l y a r e a D l f i s younger and has a 
s i g n i f i c a n t l y g r e a t e r seed bank d e n s i t y . I t would t h e r e f o r e be 
expected t h a t f o r a f i x e d d i s t u r b a n c e a r e a a g r e a t e r number of 
seeds would be exposed to the l i g h t i n the younger woodland 
sta n d . However D2b has higher l i g h t l e v e l s than D l f , which may 
e x p l a i n the i n c r e a s e d germination, although i f t h i s were the case 
then one might expect i n c r e a s e d germination i n canopy gaps 
r e l a t i v e to i n t a c t canopy, but t h i s was not found. 
I t may be t h a t l i g h t l e v e l s i n f l u e n c e s u r v i v o r s h i p i n the 
i n i t i a l phase of growth between germination and i d e n t i f i c a t i o n . 
T h i s could produce apparently higher germination d e n s i t i e s from 
an a r e a of lower seed d e n s i t y . 
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T a b l e s 19 a & b A comparison of the germination of buried seeds 
on a r t i f i c i a l t r e e f a l l s a t two s i t e s on 5 sampling o c c a s i o n s . 
Within s i t e d i f f e r e n c e s were not s i g n i f i c a n t . 
T able 19 a Open gap a r e a s . 
SAMPLING DATE. 
Area 21.6.84 11.7.84 17.8.84 27.9.84 10.11.84 
D l f 6.22 1.67 2.44 1.0 0.22 
D2b 17.67 3.83 5.83 3.17 0.17 
S i g n i f i c a n c e 2.5% NS 5% NS NS 
Table 19 b Closed canopy a r e a s 
SAMPLING DATE. 
Area 21.6.84 11.7.84 17.8.84 27.9.84 10.11.84 
D l f 6.89 1.33 0-78 0.56 0.4 
D2b 16.28 6.57 5.29 2.29 0.14 
S i g n i f i c a n c e 2.5% NS 5% 5% 5% 
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S u r v i v o r s h i p on the a r t i f i c i a l d i s t u r b a n c e s -
The s u r v i v o r s h i p t a b l e s f o r the c o h o r t s of s e e d l i n g s from the 
i n i t i a l f l u s h (germinating before 21.6.84) are i l l u s t r a t e d i n 
F i g u r e 62. 
There i s heavy m o r t a l i t y immediately a f t e r germination i n 
each cohort. Growth during the summer i s accompanied by a gradual 
r e d u c t i o n i n nximbers through e r o s i o n and drought. T h i s i s 
followed by heavy m o r t a l i t y i n autumn due to the covering of 
s e e d l i n g s by f a l l i n g l e a v e s . T h i s i s e s p e c i a l l y severe i n the 
t r e e f a l l p i t s . The d e p r e s s i o n s a c t as c o l l e c t o r s of f a l l i n g 
l e a v e s and c o n t a i n a l i t t e r t h i c k n e s s s e v e r a l times t h a t of the 
woodland f l o o r surrounding them. The l i t t e r cover excludes the 
l i g h t from the s e e d l i n g s , removing a l l those a t the base of the 
p i t , 
A second form of m o r t a l i t y to which the Hypericum s e e d l i n g s 
a r e s u b j e c t throughout w i n t e r i s f r o s t damage. C l a r k e (1953) has 
reported t h a t f o r Hypericum perforatum only s e e d l i n g s which have 
produced more than s i x l e a v e s can w i t h s t a n d heavy f r o s t . The 
canopy gap of a t r e e f a l l a r e a a l l o w s the s o i l temperature to f a l l 
to lower l e v e l s than those of the a r e a s under complete canopy. 
T h i s r e s u l t s i n the s o i l f r e e z i n g t o a depth of s e v e r a l 
c e n t i m e t r e s . The g r e a t e r m o r t a l i t y i n the canopy gaps over the 
w i n t e r period may t h e r e f o r e r e s u l t from f r o s t m o r t a l i t y . 
I t seems from F i g u r e 62 t h a t s e e d l i n g s beneath i n t a c t canopy 
s u f f e r e d g r e a t e r m o r t a l i t y than those under gaps. The d i f f e r e n c e s 
are not s t a t i s i c a l l y s i g n i f i c a n t f o r e i t h e r a r e a but n e v e r t h e l e s s 
the trend seems c l e a r . M o r t a l i t y seems to be g r e a t e r beneath the 
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F i g u r e 62. The s u r v i v o r s h i p of four cohorts of Hypericum pulchrum 
s e e d l i n g s emerging i n the f i r s t year germination f l u s h 
on a r t i f i c i a l t r e e f a l l d i s t u r b a n c e s beneath f u l l 
canopy and windthrown canopy gaps w i t h i n two coppice 
stands. 
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i n t a c t canopy i n the very e a r l y s t a g e s of e s t a b l i s h m e n t , w h i l e 
l a t e r any d i f f e r e n c e s are r e l a t i v e l y s l i g h t . 
The dominant f a c t o r a f f e c t i n g the population dyn£unics of 
Hypericum pulchrum on f a l l d i s t u r b a n c e s was assumed to be the 
l i g h t l e v e l s , but i t now appears t h a t other f a c t o r s may a l s o p l a y 
a p a r t , i n c l u d i n g temperature, e r o s i o n , drought or any of the 
environmental parameters a l t e r e d by removal of the canopy. 
For the purposes of the TREFAL s i m u l a t i o n i t has been found 
t h a t no mature p l a n t s are present on t r e e f a l l d i s t u r b a n c e s which 
do not c r e a t e a canopy gap. 
i x ) Measurement of the t h r e s h o l d seed d e n s i t y r e q u i r e d to 
produce a s i n g l e mature p l a n t . 
The experiments measuring s e e d l i n g r e c r u i t m e n t and m o r t a l i t y 
of populations on t r e e f a l l d i s t u r b a n c e provide an i l l u s t r a t i o n of 
the dynamics i n v o l v e d i n e s t a b l i s h m e n t of mature p l a n t s on 
t r e e f a l l s . The system i s c l e a r l y complex and a s i m p l i f i c a t i o n 
must be a r r i v e d at for use i n TREFAL. I t was t h e r e f o r e decided to 
attempt an e s t i m a t i o n of the minimum d e n s i t y of seeds w i t h i n the 
s o i l n e cessary for the production of at l e a s t one mature p l a n t . 
T h i s i n v o l v e d the e s t a b l i s h m e n t o f a r t i f i c i a l seed banks of 
s p e c i f i c d e n s i t i e s w i t h i n f a l l a r e a s and the measurement of the 
f i n a l number of f i r s t year p l a n t s produced from them. 
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Methods. 
Hypericum pulchrum seeds which had been hand picked and 
sor t e d were mixed i n a s e r i e s of d e n s i t i e s in 250 cm' volumes of 
s o i l . The s o i l had been e x t r a c t e d from an a g r i c u l t u r a l f i e l d and 
was known t o c o n t a i n no Hypericum seed s . 
Each volume of s o i l c o n t a i n i n g the Hypericum seeds was then 
spread to a uniform depth of 2 cm i n p l a s t i c seed t r a y s . The 
s i g n i f i c a n c e o f a depth of 2 cm i s t h a t t h i s was found i n 
la b o r a t o r y experiments to be the maximum depth from which 
Hypericum pulchrum could germinate i n d i s t u r b e d s o i l . The t r a y s 
were l a i d i n a canopy gap, c r e a t e d by t r e e f a l l , w i t h i n the 
Wareham Wood coppice stands i n March of 1984 and c o l l e c t e d a year 
l a t e r i n March 1985. The d e n s i t y of Hypericum p l a n t s was recorded 
i n each t r a y i n March 1985. 
R e s u l t s . 
F i g u r e 63 shows the r e l a t i o n s h i p between the number of p l a n t s 
growing i n the t r a y s and the o r i g i n a l s o i l seed d e n s i t y . There i s 
c l e a r l y a c o r r e l a t i o n , and a s t r a i g h t l i n e r e g r e s s i o n ( i n the 
absence of an i n d i c a t i o n of c u r v a t u r e ) prov i d e s the r e g r e s s i o n 
equation. 
Number of f i r s t = 0.0513 (seed d e n s i t y ) + 0.387. 
year p l a n t s 
T h i s equation was then used t o c a l c u l a t e the number of seeds 
r e q u i r e d to produce a s i n g l e p l a n t , a d e n s i t y of 12 seeds. 
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F i g u r e 63. The r e l a t i o n s h i p between the number of seeds 
germinating i n a 250 cm 3 volume of s o i l and 
the d e n s i t y of 1 s t year Hypericum pulchrum p l a n t s 
D e n s i t y = 0.0513 ( Seed Density ) + 0.387 
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D i s c u s s i o n . 
In r e l a t i n g the r e s u l t s o f t h i s experiment to the TREFAL 
s i m u l a t i o n model, the d i f f e r i n g c o n d i t i o n s between the experiment 
and those on a f a l l mound must be taken i n t o c o n s i d e r a t i o n . 
The seed t r a y s hold a r e a s of s o i l which are not s u b j e c t to 
the e r o s i o n from which n a t u r a l d i s t u r b a n c e s s u f f e r . S e e d l i n g s a r e 
t h e r e f o r e f a r l e s s l i k e l y to be d i s l o d g e d . I n a d d i t i o n the l a c k 
of e r o s i o n w i l l not r e v e a l seeds b u r i e d j u s t beneath the l e v e l to 
which the l i g h t can p e n e t r a t e . The seeds t r a y s w i l l t h e r e f o r e 
tend to e x h i b i t g r e a t e r s u r v i v o r s h i p but lower repeated 
germination compared t o n a t u r a l t r e e f a l l s . 
The seed t r a y s a l s o c o n t a i n a sh a l l o w l a y e r of s o i l which 
cannot draw water from beneath. They are t h e r e f o r e s u b j e c t to 
more severe drought than a t r e e f a l l d i s t u r b a n c e . 
T h i s experimental r e s u l t can t h e r e f o r e only be used as a 
rough guide to the probable order of magnitude of the tr u e 
t h r e s h o l d l e v e l s . The t h r e s h o l d d e n s i t y i s one f a c t o r which could 
p r o f i t a b l y be v a r i e d i n order to t e s t i t s e f f e c t on the outcome 
of TREFAL. 
x) S i m u l a t i o n of the windthrown seed input to the s o i l . 
Subroutine AUGMENT i s the s e c t i o n of TREFAL which i s 
r e s p o n s i b l e f o r the annual increment of the seed bank surrounding 
the s i m u l a t e d windthrows. I t uses the data provided by subroutine 
REPFAC i n the form of the a r r a y s IRFAC and EQNS. 
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For each t r e e t h a t has f a l l e n s i n c e the s t a r t o f the 
s i m u l a t i o n run the subroutine c a l c u l a t e s whether the canopy above 
i t i s s t i l l open. T h i s i s c a r r i e d out by s u b t r a c t i n g the length 
of time f or which the canopy has been open from the length of 
time f o r which the gap i s to be open, d e r i v e d from the g i r t h of 
the f a l l e n t r e e . I f the d i f f e r e n c e i s g r e a t e r than zero the 
canopy gap i s open and the subroutine w i l l add seeds t o the 
surrounding s o i l , i f the t h r e s h o l d seed bank d e n s i t y i s exceeded. 
A f t e r each year the length of time f o r which the gap has been 
open i s i n c r e a s e d by one. 
The subroutine checks whether the seed bank t h r e s h o l d has 
been exceeded on a p r e v i o u s o c c a s i o n . I f so IRFAC (IFC,9) w i l l be 
s e t to 1. I n any year i f IRFAC (IFC,9 ) = 1 then seed w i l l be 
d i s p e r s e d t o the model seed bank. I f not, a s i n the case of a 
f r e s h l y f a l l e n t r e e , the subroutine c a l c u l a t e s the e f f e c t i v e seed 
d e n s i t y of the f a l l d i s t u r b a n c e and compares t h i s with the 
t h r e s h o l d v a l u e measured i n the p r e v i o u s s e c t i o n . 
Using the parameters g i v e n by IRFAC (IFC,3-8) the subroutine 
c a l c u l a t e s the d e n s i t y of seeds w i t h i n the s o i l covered by the 
d i s t u r b a n c e a r e a . C l e a r l y not a l l of the seeds w i l l be brought to 
the s u r f a c e , so t h a t from t h i s t o t a l d e n s i t y the subroutine must 
c a l c u l a t e an e f f e c t i v e seed bank d e n s i t y . 
The l i f t i n g of the s o i l by the t r e e r o o t s c r e a t e s a mound i n 
which the m a j o r i t y of seeds a r e found. The p i t s u r f a c e c o n t a i n s 
few i f any seeds. M o r t a l i t y caused by l i t t e r cover w i l l a l s o 
reduce t h i s d e n s i t y a f t e r germination. 
I t can be assumed t h a t the mound of d i s t u r b a n c e i s a h a l f 
s p h e r o i d . Germination experiments i n the l a b o r a t o r y have shown 
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t h a t Hypericum pulchrum seeds emerge from a maximum s o i l depth of 
2cm. T h i s a l l o w s , f or a given r a d i u s of spheroid, the c a l c u l a t i o n 
of the proportion of the s o i l from which Hypericum pulchrum can 
be expected to emerge i . e . the outer 2cm l a y e r . Using the 
extremes of the parameter W measured i n order t o c a l c u l a t e s o i l 
d i s t u r b a n c e a r e a , (Minimum r a d i u s = 55cm, maximum =157) the range 
of p r o p o r t i o n s of the spheroid volume i n the outer 2 cm can be 
c a l c u l a t e d f o r the d i s t u r b a n c e s i n the Tamar v a l l e y woodlands. 
Radius = 55cm r a t i o = 0.11. 
Radius = 157cm r a t i o = 0.04. 
A median of 0.075 
I f the median r a t i o i s m u l t i p l i e d by the t o t a l seed bank 
d e n s i t y w i t h i n the mound, the r e s u l t i s the number of seeds i n 
the outer 2 cm of s o i l . However the mound w i l l be c o n t i n u a l l y 
eroding with time, exposing a g r e a t e r number of seeds than those 
s t o r e d i n the s u r f a c e 2 cm. I f 25% of the r a d i u s i s removed to 
expose a l l the seeds contained w i t h i n i t the median r a t i o 
i n c r e a s e s t o 0.58 
C l e a r l y the enumeration of a t h r e s h o l d and a l s o i t s subsequent 
i n c o r p o r a t i o n i n t o the model i s very d i f f i c u l t . I t was t h e r e f o r e 
decided i n i t i a l l y to use a r a t i o of 0.2, a value e q u i d i s t a n t 
between those of the median 2cm and 25% r a t i o s . V a r i a t i o n of the 
parameter w i t h i n the model, as w i t h the t h r e s h o l d v a l u e , w i l l 
enable an e v a l u a t i o n of i t s e f f e c t on the model seed bank. 
A f t e r c a l c u l a t i o n of the t o t a l seed d e n s i t y f o r the ar e a of 
d i s t u r b a n c e the value i s m u l t i p l i e d by 0.2 to produce the 
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e f f e c t i v e d e n s i t y , and t h i s i s then compared wi t h the t h r e s h o l d 
v a l u e . I f the r e l a t i v e d e n s i t y i s g r e a t e r than the t h r e s h o l d 
value seeds a r e d i s p e r s e d to the s o i l and the value of IRFAC 
(IFC,9) i s s e t to 1. T h i s i s e q u i v a l e n t to sa y i n g t h a t a mature 
p l a n t has been produced and t h a t the t h r e s h o l d does not have to 
be checked again f o r t h a t f a l l . 
I f the value i s l e s s than the t h r e s h o l d t h e r e i s no seed 
input f o r t h a t y e a r . The t h r e s h o l d v a l u e of t r e e f a l l s which have 
not r e s u l t e d i n an input a r e rechecked every y e a r . T h i s i s t o 
e s t a b l i s h i f the seed d e n s i t y of the d i s t u r b a n c e has had an input 
from o u t s i d e i e another f a l l , which has r a i s e d the d e n s i t y 
s u f f i c i e n t l y t o enable seed production. I n assuming an even 
d i s t r i b u t i o n o f seeds w i t h i n the mound, the model makes no 
allowance f or contagion. . 
A f t e r e s t a b l i s h i n g t h a t seed i s to be added t o the seed bank, 
subroutine AUGMENT uses the mean seed input parameters f o r each 
d i s t a n c e from the d i s t u r b a n c e , s t o r e d i n EQNS. The mean input and 
standard d e v i a t i o n f o r each d i s t a n c e from the di s t u r b a n c e a r e 
used by the f u n c t i o n RN to c a l c u l a t e a random seed input to each 
square surrounding the f a l l . These v a l u e s are c a l c u l a t e d and 
added a n n u a l l y u n t i l the canopy gap c l o s e s . 
241-
2.5.4 A d d i t i o n a l TREFAL s u b r o u t i n e s . 
Two subroutine not d e s c r i b e d p r e v i o u s l y a r e used by TREFAL to 
output data. 
Subroutine TDISTN c a l c u l a t e s the d i s t r i b u t i o n of g i r t h 
c l a s s e s i n 10cm increments a t lOyr i n t e r v a l s . The r e s u l t s a r e 
s t o r e d u n t i l the f i n a l year and then p l a c e d w i t h i n the f i l e 
GCLASS. 
Subroutine SAMPLE s e l e c t s 50 of the stand seed bank a r r a y 
u n i t s at 5 y e a r l y i n t e r v a l s . The mean and v a r i a n c e of the u n i t s 
a r e then c a l c u l a t e d , converted to v a l u e s f o r metre squares, and 
st o r e d f o r output a t the end of the run. 
2.5.5 TREFAL output. 
At the end o f a run TREFAL produces seven output f i l e s . 
RUN.RES - the developments through which the t r e e stand d e n s i t y , 
stand mean g i r t h , t r e e f a l l d e n s i t y , seed bank d e n s i t y and sample 
d e n s i t y and v a r i a n c e have passed d u r i n g the run. A l l v a l u e s a r e 
produced a t 5 y e a r l y i n t e r v a l s . 
GCLASS - the 10 y e a r l y change i n t r e e g i r t h d i s t r i b u t i o n . 
FALL DATA - the a r r a y s IRFAC and EQNS which a r e used to ensure 
the c o r r e c t o p e r a t i o n of the program du r i n g the run. 
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BAN.RES1/BAN.RES2. - the f i n a l seed bank d e n s i t i e s of each stand 
a r r a y u n i t . 
TREP - the x,y a r r a y g r i d c o o r d i n a t e s , g i r t h s and year of f a l l of 
each windthrow c r e a t e d by the model. 
F.TREES - the f i n a l p o s i t i o n s of the remaining stand t r e e s , w i t h 
t h e i r g i r t h s . 
Examples RUN.RES and GCLASS a r e provided i n APPENDIX 9 w i t h a 
complete l i s t i n g of TREFAL. 
2.5.6 Random number generation and s i d e e f f e c t s w i t h i n the 
model. 
When a n a l y s i n g a s i m u l a t i o n model with the aim of 
e s t a b l i s h i n g how v a r i a t i o n s i n each of the c o n s t i t u e n t parameters 
i n f l u e n c e the f i n a l r e s u l t s , two forms of random number s e t are 
r e q u i r e d . Both forms ar e generated by a c c e s s i n g a l a r g e r s e t of 
random numbers which can be envisaged as being s t o r e d w i t h i n the 
g e n e r a t i n g system i n a t a b l e . 
Non-repeatable random number s e t s d i f f e r w i t h each run of the 
model- These are generated by a c c e s s i n g the data t a b l e at a new 
p o s i t i o n a t the s t a r t of each run. The r e q u i r e d random numbers 
are then read i n sequence from the t a b l e s t a r t i n g a t t h i s 
p o s i t i o n - I n order to provide a new s t a r t i n g p o s i t i o n for each 
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run the t a b l e i s u s u a l l y a c c e s s e d a t a p o i n t which i s c a l c u l a t e d 
by making use of the time. Two runs w i l l be i n i t i a t e d a t 
d i f f e r i n g times and t h e r e f o r e w i l l have a high p r o b a b i l i t y of 
having d i f f e r i n g s e t s of random numbers. The data s e t s generated 
u s i n g t h i s method al l o w an a n a l y s i s of the range of p o s s i b l e 
outcomes r e s u l t i n g from a f i x e d parcuneter s e t . 
I f the r e s u l t s of changes made t o a s i n g l e parameter a r e to 
be i n v e s t i g a t e d by t h i s method, a s e r i e s of runs must be 
performed and the p r o b a b i l i t y of each of the v a r i o u s outcomes 
c a l c u l a t e d . These p r o b a l i t i e s a r e then compared wi t h those 
generated by d i f f e r e n t v a l u e s of the parameter a f t e r repeated 
s i m u l a t i o n s f o r each o f i t s s t a t e s . C l e a r l y t h i s method i s 
i m p r a c t i c a l i n terms of computer user time when i n v e s t i g a t i n g 
numerous parameters each w i t h a wide range of v a l u e s . 
To overcome t h i s problem the N.A.G. subr o u t i n e s a l l o w 
c a l c u l a t i o n of re p e a t a b l e random numbers. I n t h i s i n s t a n c e the 
random number t a b l e i s ac c e s s e d i n a s e t p o s i t i o n f o r each run, 
the model reads the same l i s t during each s i m u l a t i o n . V a r i a t i o n s 
i n model output using the re p e a t a b l e random number generator w i l l 
t h e r e f o r e be produced only by changes made t o the model parameter 
s e t . I f r e q u i r e d the N.A.G. su b r o u t i n e s a l l o w g e n e r a t i o n of 
d i f f e r i n g r e p e a t a b l e random numbers by a l t e r a t i o n s of the 
p o s i t i o n of the i n i t i a l t a b l e e n t r y . 
A problem w i t h use of a r e p e a t a b l e random number generator i s 
t h a t s i d e e f f e c t s of model parameter changes may i n f l u e n c e the 
output. An example i s provided by a l t e r a t i o n s t o the parameter 
TH, the t h r e s h o l d o f seed d e n s i t y r e q u i r e d before r e i n t r o d u c t i o n 
of seed t a k e s p l a c e . I f i n one run TH i s s e t to a low value and a 
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r e i n t r o d u c t i o n o c c u r s on a s p e c i f i c f a l l , then the subroutines 
which c a r r y out the procedure w i l l use a f i x e d number of random 
v a l u e s ( x ) . They w i l l read these from a p o s i t i o n n and a f t e r 
completion, the next random nxunber v a l u e a c c e s s e d i n the t a b l e 
w i l l be n+x. I f TH i s now r a i s e d such t h a t the t h r e s h o l d d e n s i t y 
i s g r e a t e r than t h a t i n the d i s t u r b e d s o i l then no r e i n t r o d u c t i o n 
takes p l a c e and the s u b r o u t i n e s are not c a l l e d . The next 
subroutine to c a l l a random number a c c e s s e s the t a b l e at p o s i t i o n 
n r a t h e r than n+x. The v a r i a t i o n i n the r e s u l t s of the model are 
t h e r e f o r e not only due to change i n TH but a l s o to the a c c e s s i n g 
of d i f f e r i n g random v a l u e s . To overcome t h i s problem with TH, 
subroutine RRAND i s b u i l t i n t o the model. I t reads i n the x 
val u e s r e q u i r e d by a f a l l input f or a l l f a l l s which do not 
r e i n t r o d u c e seed. T h i s ensures t h a t a l l succeeding subroutines 
a c c e s s the n+x th va l u e . A l l v a r i a t i o n s i n model output a r e 
t h e r e f o r e s o l e l y due t o changes i n TH. 
A s i m i l a r s i d e e f f e c t o c c u r s when changing DECR, the seed 
bank decay r a t e . Lowering the r a t e r e s u l t s i n fewer c a l c u l a t i o n s 
of the p r o b a b i l i t y of death f o r seed d e n s i t i e s per u n i t of lower 
than 8. Consequently fewer random numbers a r e used as DECR i s 
r a i s e d to reduce decay r a t e s . T h i s r e s u l t s i n the removal of the 
repe a t a b l e c h a r a c t e r i s t i c s of the model and the s i d e e f f e c t of 
a l t e r a t i o n s to the seed bank decay r a t e producing d i f f e r i n g 
numbers of windthrows. 
The opposite e f f e c t r e s u l t s when IFFR, the r a t e of f a l l of 
t r e e s producing d i s t u r b a n c e , i s a l t e r e d . Here a g r e a t e r number of 
f a l l s w i l l r e q u i r e a l a r g e r i n p u t of random numbers. T h i s 
produces changes i n the times a t which t r e e s f a l l and the 
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p o s i t i o n s and g i r t h s s e l e c t e d f or f a l l i n g . 
U n f o r t u n a t e l y through l a c k of time i n the model b u i l d i n g 
phase of the study these f a u l t s were not c o r r e c t e d . They must 
t h e r e f o r e be taken i n t o c o n s i d e r a t i o n when a n a l y s i n g the r e s u l t s 
from changes i n these two parameters. 
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2.6 S i m u l a t i o n r e s u l t s 
TREFAL was used to examine the i n f l u e n c e of the seed input 
generated by windthrown s o i l d i s t u r b a n c e on the modelled 
Hypericum pulchrum seed bank. Each of the parameters was s e t to a 
v a l u e d e r i v e d from the surveys of the T a v i s t o c k Woodland E s t a t e 
coppice stands, and a s e r i e s of s i m u l a t i o n runs performed. I n 
each case the p r e d i c t e d seed bank development was compared wi t h 
the seed d e n s i t i e s measured i n the n a t u r a l s t a n d s . 
The r e s u l t s of t h r e e runs w i t h a l l parameters s e t a t t h e i r 
measured v a l u e s a r e i l l u s t r a t e d i n F i g u r e s 64, 65 and 66. F i g u r e 
64 i l l u s t r a t e s the d e c l i n e i n simulated stand s o i l mean seed 
d e n s i t y i n comparison w i t h the v a l u e s obtained from n a t u r a l 
woodlands. Owing to the f a c t t h a t the n a t u r a l stand d e n s i t i e s 
were obtained from a random sampling programme and are t h e r e f o r e 
s u b j e c t t o sample e r r o r s . F i g u r e s 65 and 66 i l l u s t r a t e , f o r the 
same runs of the model, the mean seed d e n s i t y c a l c u l a t e d a t f i v e 
year i n t e r v a l s from 50 random samples of the simulated s o i l a r e a 
and the 95% confidence l i m i t s for some of these v a l u e s . 
The f i g u r e s show t h a t the model seed bank d e n s i t y f a l l s 
f a s t e r than the r e a l one. There i s a s l i g h t r e d u c t i o n i n the r a t e 
of d e c l i n e when a windthrown seed reinforcement o c c u r s , but as 
would be a n t i c i p a t e d when sampling a c o n t a g i o u s l y d i s t r i b u t e d 
p o p u l a t i o n , t h i s i s l e s s apparent i n the random sample r e s u l t s . 
I n both c a s e s the seed banks d i s a p p e a r from the s o i l before 200 
y e a r s of complete canopy. I t would appear t h a t the input of seed 
from s i n g l e f a l l s cannot compensate f o r the l o s s of seed from the 
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F i g u r e 64. The average seed bank d e n s i t y f o r the t o t a l 
s o i l a r e a of the TREFAL s i m u l a t i o n , p l o t t e d 
a g a i n s t stand age. 
Model parameter v a l u e s 
DECK = 0.937 
TH = 12 
IFFR = 211 
IFTH = 41 
Stand age ( y r s ) 
No f a l l s d uring the run 
0.0 
f a l l s 2 of which produced a seed reinforcement 
at 59 & 103 y r s 
f a l l s 2 of which produced a seed reinforcement 
at 52 & 75 y r s 
f a l l s 3 of which produced a seed reinforcement 
at 69, 105 & 113 y r s 
Seed d e n s i t y development of the n a t u r a l stands 
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F i g u r e 65. The changes i n seed bank d e n s i t y , measured from 
50 random scimples of the TREFAL s i m u l a t i o n s o i l a r e a , 
p l o t t e d a g a i n s t stand age. 
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• 5 f a l l s 2 of which produced 
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• Seed d e n s i t y development of 
the n a t u r a l stands 
9 5 % C . L 
• • • • *• Zero v a l u e s 
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Stand age ( y r s ) 
200 
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F i g u r e 66. The changes i n seed bank d e n s i t y , measured from 
50 random samples of the TREFAL s i m u l a t i o n s o i l a r e a , 
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s o i l throughout the stand a r e a . The model t h e r e f o r e r e v e a l s t h a t 
given the v a l u e s d e r i v e d f o r the s i m u l a t i o n parameters from the 
n a t u r a l coppice stands, the r a t e of input of seed from t r e e f a l l 
d i s t u r b a n c e i s i n s u f f i c i e n t to maintain a Hypericum pulchrum seed 
bank i n the s o i l . The input i s s u f f i c i e n t to r e t a r d the r a t e of 
l o s s , but only f o r s h o r t p e r i o d s . 
I n order to a s s e s s the p o t e n t i a l of t r e e f a l l d i s t u r b a n c e s i n 
reducing the r a t e of l o s s of the Hypericum seed bank, the 
parameters of the model were modified and t h e i r i n f l u e n c e on the 
p a t t e r n of decay examined. As p r e v i o u s l y d e s c r i b e d t h i s was 
c a r r i e d out using a r e p e a t a b l e random number data s e t -
Parameter groups which have a d i r e c t i n f l u e n c e on the seed 
bank dynamics a r e : -
i ) TH, the t h r e s h o l d v a l u e of seed d e n s i t y a t which a t r e e f a l l 
d i s t u r b a n c e w i l l r e i n t r o d u c e f r e s h seed to the surrounding 
s o i l . 
i i ) the combined r a t e s of wind-throw (IFFR) and t h i n n i n g (IFTH) 
i n removal of t r e e s and production of s o i l d i s t u r b a n c e . 
i i i ) the r a t e of decay of seeds w i t h i n the s o i l (DECK). 
i v ) the number of seeds produced by a f a l l of s p e c i f i c s i z e 
and t h e i r d i s p e r s a l range. 
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The f i r s t t h r e e can be a d j u s t e d w i t h i n the model and t h e i r 
i n f l u e n c e on the s i m u l a t e d seed bank a s s e s s e d , but the f i n a l 
parameter group of seed production and d i s p e r s a l cannot 
r e a l i s t i c a l l y be modified without f u r t h e r data. As was d i s c u s s e d 
i n t h e i r d e r i v a t i o n ( S e c t i o n 2.5,3 ( i i i ) ) , the seed input 
equations were obtained from a l i m i t e d data s e t and f u r t h e r 
c o n j e c t u r e as to t h e i r form, without a d d i t i o n a l experimentation, 
would be of l i t t l e v a l u e . These parameters must t h e r e f o r e be 
c o n s i d e r e d i n the f i n a l d i s c u s s i o n but cannot be a l t e r e d . 
I n the t h r e e remaining parameter groups the component of the 
s i m u l a t i o n which has the g r e a t e s t i n f l u e n c e on seed input to the 
s o i l i s the t h r e s h o l d v a l u e of seed d e n s i t y a t which 
reinforcement o c c u r s (TH). Any r e d u c t i o n i n the value of TH 
a l l o w s a g r e a t e r number of the f a l l s i n a s i m u l a t i o n run to 
r e i n t r o d u c e seed to the s o i l . 
V a r i a t i o n s i n the v a l u e of TH r e s u l t e d i n the Hypericmn 
pulchrum simulated seed bank development i l l u s t r a t e d i n F i g u r e 
67. As the v a l u e of TH i s p r o g r e s s i v e l y decreased from 20 to 0, a 
g r e a t e r number of f a l l s produce a seed input to the s o i l and the 
seed bank p e r s i s t s beneath the canopy f o r longer. The g r e a t e s t 
seed bank p e r s i s t e n c e i s found when TH i s s e t to zero. T h i s 
i m p l i e s t h a t a f a l l which c r e a t e s s u i t a b l e c o n d i t i o n s f o r the 
r e i n t r o d u c t i o n of seed to the seed bank, but which has no 
Hypericum pulchrum seeds i n the d i s t u r b e d s o i l , i s c o l o n i s e d by 
p l a n t s a r r i v i n g as seed e i t h e r i n the a i r c u r r e n t s or by animal 
d i s p e r s a l . I n the seed t r a p p i n g experiment ( S e c t i o n 2,4,2 ) i t 
was e s t a b l i s h e d t h a t seed i s not c a r r i e d to g r e a t d i s t a n c e s by 
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F i g u r e 67. The i n f l u e n c e on the d e c l i n e of seed bank d e n s i t y 
of a l t e r a t i o n s to the value of TH, the t h r e s h o l d 
of seed frequency below which reinforcement 
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the a i r c u r r e n t s , and s i n c e no animals have been d e s c r i b e d as 
t r a n s p o r t i n g or feeding on Hypericum pulchrum seeds, the 
occurrence of a TH = 0 c o l o n i s a t i o n and reinforcement may 
t h e r e f o r e be extremely r a r e . 
To enable f u r t h e r a n a l y s i s of the TH = 0 s i m u l a t i o n the model 
was r e s e t to non-repeatable random number ge n e r a t i o n and a s e r i e s 
o f runs performed. The r e s u l t s are i l l u s t r a t e d i n F i g u r e 68. I t 
i s apparent t h a t even w i t h every s u i t a b l e f a l l producing an input 
of seeds, the seed d e n s i t y does not r e a c h t h a t measured i n the 
n a t u r a l woodlands, although the seed bank does p e r s i s t a t a lower 
d e n s i t y . 
When a l t e r i n g the parameters of the model i n subsequent 
s i m u l a t i o n s i t was decided to hold TH constant a t z e r o . I f any 
combination of parameters produced seed d e n s i t i e s g r e a t e r than 
those measured i n the n a t u r a l stands the v a l u e o f TH could then 
be i n c r e a s e d to re-examine i t s i n f l u e n c e on the seed bank decay 
p a t t e r n . 
F i g u r e 69 p r e s e n t s the r e s u l t s of a s e r i e s o f s i m u l a t i o n runs 
with a l l parameters constant except IFFR, the r a t e of f a l l of 
t r e e s producing d i s t u r b a n c e , and IFTH, the r a t e of t h i n n i n g . The 
two parameters a r e a d j u s t e d s i m u l t a n e o u s l y i n order to reproduce 
the decrease i n t r e e d e n s i t y measured w i t h i n the coppice stands 
of the T a v i s t o c k Woodland E s t a t e , i . e . the t o t a l d e c l i n e i n t r e e 
d e n s i t y due t o a l l causes was held approximately constant. 
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F i g u r e 68. The changes i n seed bank d e n s i t y during 
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F i g u r e 69. The i n f l u e n c e of t h i n n i n g and the r a t e of f a l l 
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As the frequency of f a l l s i n c r e a s e s the s i m u l a t i o n uses a 
l a r g e r s e t of random v a l u e s and the r e s u l t s s u f f e r from the 
p r e v i o u s l y d i s c u s s e d s i d e e f f e c t s , i . e . they become 
non-repeatable f o r a l t e r a t i o n s to model parameters. Seed bank 
decay w i t h the v a l u e s of IFFR s e t a t 500 and 400 i l l u s t r a t e s t h i s 
problem. At approximately 200 y e a r s canopy age the seed bank of 
the run w i t h IFFR s e t t o 500 r a p i d l y d e c l i n e s , followed by a 
recovery a t 220 y e a r s with the input of seeds from a f r e s h f a l l . 
The seed bank of the IFFR v a l u e of 400, i n c o n t r a s t , i n c r e a s e s 
a f t e r 200 y e a r s of canopy age. 
The s i m u l a t i o n runs w i t h IFFR s e t a t 400 and 500 show t h a t 
w i t h s u f f i c i e n t l y high r a t e s o f f a l l the mean seed d e n s i t y 
a t t a i n s an e q u i l i b r i u m v a l u e , the r a t e of decay being balanced by 
the i n p u t from windthrow. T h i s e q u i l i b r i u m value i s approximately 
8 seeds / m% w e l l below t h a t of the n a t u r a l s tands. The mean 
seed bank d e n s i t y i s i n any case a m i s l e a d i n g f i g u r e , s i n c e the 
a c t u a l seed p a t t e r n e x h i b i t e d by the model c o n s i s t s of l a r g e 
a r e a s devoid of seed with s m a l l patches of high c o n c e n t r a t i o n s 
surrounding p a s t f a l l s . Within the n a t u r a l coppice seed banks 
there i s a r e l a t i v e l y even d i s t r i b u t i o n of seeds surrounding the 
high d e n s i t y patches from windthrows. T h i s i s i l l u s t r a t e d by the 
core sample d e n s i t y d i s t r i b u t i o n s recorded when measuring the 
d e c l i n e of the seed bank of Hypericum pulchrum beneath coppice 
canopies of i n c r e a s i n g age ( Table 20, with mean and v a r i a n c e 
i l l u s t r a t e d i n F i g u r e 17, page 87 ) . F i g u r e 15 ( page 68 ) 
i l l u s t r a t e s the r e l a t i v e abundance of Hypericum seed w i t h i n the 
s o i l i n a t r a n s e c t of c o r e s . 
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Table 20. The frequency d i s t r i b u t i o n s o f s o i l c o r e s c o n t a i n i n g 
i n c r e a s i n g d e n s i t i e s o f Hypericum pulchrum seeds , removed from 
coppice stands of v a r i o u s ages. 
Coppice Stand 
I I I I I I IV V VI V I I V I I I IX 
Age (yrs) 33 36 70 101 110 126 161 131 220 
N of 
Cores 20 30 50 50 50 50 50 50 50 
Number Frequency of c o r e s 
of seeds 
0 5 12 25 24 19 21 17 12 16 
1 3 5 11 6 6 14 7 10 10 
2 5 1 5 10 7 5 7 4 6 
3 1 2 2 3 2 1 5 6 5 
4 1 1 3 2 5 3 7 5 3 
5 0 1 2 2 4 2 2 2 1 
6 0 1 1 1 3 2 2 3 3 
7 1 2 1 1 0 2 2 3 2 
8 0 0 0 1 0 0 1 1 
9 1 0 1 0 1 2 0 
10 0 1 1 1 2 
11 0 1 0 1 1 
12 0 1 0 0 0 
13 0 1 2 1 0 
14 0 0 1 
15 1 0 
16 0 0 
17 0 0 
18 1 0 
19 0 0 
20 1 0 
24 1 
I t must a l s o be r e c a l l e d t h a t t h i s e q u i l i b r i u m i s only 
achieved w i t h TH s e t t o zero, i . e . an e x t e r n a l seed input to the 
d i s t u r b e d s o i l when there are no seeds exposed. Higher v a l u e s of 
TH only delay the e x t i n c t i o n of the seed bank. 
A l t e r a t i o n s to the r a t e o f f a l l and t h i n n i n g do not, 
t h e r e f o r e , appear t o r e s u l t i n changes i n the stand d e n s i t y which 
mimic those of the n a t u r a l s t a n d s . 
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The f i n a l parameter of TREFAL which can be a d j u s t e d w i t h i n 
the model i n order to a s s e s s i t s i n f l u e n c e on the seed bank 
d e c l i n e i s the decay r a t e of seeds w i t h i n the s o i l (DECK). 
F i g u r e 70 i l l u s t r a t e s the r e s u l t s generated a f t e r v a r y i n g 
DECK through the range 0.937 to 0.970. A r e d u c t i o n i n the decay 
r a t e ( i . e . an i n c r e a s e i n DECR), produces a corresponding 
decrease i n the r a t e of d e c l i n e of t o t a l seed bank d e n s i t y and an 
extended p e r i o d of s u r v i v a l f o r the Hypericum seed bank beneath 
the canopy. As d i s c u s s e d i n s e c t i o n 2,6 the s i m u l a t e d seed bank 
decay i s a f f l i c t e d by the s i d e e f f e c t s of random number 
s e l e c t i o n . As the frequency of use of random numbers d e c l i n e s 
w i t h i n c r e a s e d s u r v i v o r s h i p of seeds, the time of f a l l , l o c a t i o n 
and g i r t h of f a l l i n g t r e e s a r e a l t e r e d . The v a r y i n g times a t 
which seed input from the f a l l s c a uses an upturn i n the mean seed 
bank d e n s i t y i l l u s t r a t e s t h i s problem ( F i g u r e 7 0 ) . 
E x t r a p o l a t i o n of the r e s u l t s produced by a l t e r a t i o n s to DECR 
r e v e a l s t h a t by holding a l l parameters constant a p a r t from DECR, 
i t would r e q u i r e a seed s u r v i v o r s h i p i n the range of 0,99-0,999 
to reproduce the seed d e n s i t i e s measured i n the 100 - 240 year 
o l d coppice. T h i s very low decay r a t e would not, however, 
reproduce the r a p i d d e c l i n e i n d e n s i t y followed by s t a b i l i s a t i o n 
found i n the n a t u r a l coppice stands ( F i g u r e 1 7 ) . The d e c l i n e 
would be approximately l i n e a r ( on a log s c a l e ) and the v a l u e s 
s i m u l a t e d beneath 70 - 100 year canopies would t h e r e f o r e be too 
high. 
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F i g u r e 70. The i n f l u e n c e on the d e c l i n e of seed bank d e n s i t y 
of a l t e r a t i o n s to the v a l u e of the seed 
m o r t a l i t y r a t e DECR. 
Parameter values TH - 12 
I F F R = 211 
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Two parameters could not be a d j u s t e d during the examination 
of the s e n s i t i v i t y of the s i m u l a t i o n model, owing to the degree 
of v a r i a b i l i t y i n the r e s u l t s used to d e r i v e them. These were the 
number of seeds produced on a f a l l and t h e i r d i s p e r s a l from the 
s o i l mound. 
The d i s t a n c e over which seeds were d i s p e r s e d was s e t a t 1.2 m 
w i t h i n the model. Figure 71 i l l u s t r a t e s the r e s u l t s o f a 
s i m u l a t i o n run i n which seven t r e e s f e l l and the parameters were 
s e t a t the v a l u e s measured i n the coppice stands. The ar e a s of 
r e i n f o r c e d seed bank (the unshaded square) and of s o i l 
d i s t u r b a n c e (shaded) are superimposed on the p o s i t i o n s of a l l 
t r e e s p r e s e n t at the s t a r t of a run. Even before t h i n n i n g has 
taken p l a c e a l l t r e e s a r e s i t u a t e d o u t s i d e the a r e a s of 
reinforcement. I t i s c l e a r from Figure 71 t h a t o v e r l a p of the 
seed shadow of a di s t u r b a n c e mound onto the s o i l d i s t u r b e d by a 
subsequent t r e e f a l l i s l i k e l y to be an extremely r a r e event. 
Thus the r a t e of f a l l of t r e e s , i n combination w i t h the ar e a over 
which the seeds a r e d i s p e r s e d , i s i n s u f f i c i e n t to all o w an 
extension of the r e i n f o r c e d a r e a s , given the spacing of the t r e e s 
i n the simulated stand, no matter how g r e a t the seed production 
on any i n d i v i d u a l d i s t u r b a n c e . 
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Figure 71 . The d i s t r i b u t i o n of t r e e s and windthrows w i t h i n 
a stand s i m u l a t i o n , i l l u s t r a t i n g the d i s p e r s a l 
range of seeds from the mounds. 
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2,7 Discussion of the s i m u l a t i o n r e s u l t s . 
2.7.1 I m p l i c a t i o n s f o r Hypericum pulchrum i n the Wareham Wood 
coppice. 
The r e s u l t s of s i m u l a t i o n runs using the TREFAL program have 
shown t h a t f o r the values of the model parameters measured w i t h i n 
the Wareham Wood coppice stands, the seed i n p u t t o the s o i l by 
windthrown t r e e s i s i n s u f f i c i e n t t o produce the seed bank 
d e n s i t i e s recorded i n the older coppice stands. The f a l l of a 
t r e e from the canopy which also creates s o i l disturbance r e s u l t s 
i n the production of seed i n q u a n t i t i e s which slow the de c l i n e o f 
Hypericum pulchrum, but r e s t r i c t e d d i s t r i b u t i o n from the mound 
confines these seeds t o a small area surrounding the disturbance. 
The r e s u l t i s large areas devoid of seed punctuated by high 
d e n s i t y patches. 
A l t e r a t i o n s t o the parameters of the model have shown t h a t 
w i t h the seed i n p u t t o the s o i l from f a l l s set at the maximum 
possib l e values, the r a t e of windthrow r e q u i r e d t o maintain a 
seed bank o f t h i s species, even a t a r e l a t i v e l y low d e n s i t y , i s 
f a r g reater than t h a t measured i n the survey. 
The major f a c t o r responsible f o r the f a i l u r e of windthrow t o 
maintain the seed bank of Hypericum, appears t o be l i m i t e d 
d i s p e r s a l . This ensures t h a t seed in p u t s from separate t r e e f a l l s 
never i n t e r a c t t o cause a "chain r e a c t i o n " , a c o n d i t i o n t h a t must 
be s a t i s f i e d before a seed bank of Hypericum pulchrum could be 
maintained throughout the stand s o i l by windthrow. Although 
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t r e e f a l l disturbance ensures t h a t s i t e s s u i t a b l e f o r Hypericum 
continue t o be created, the species cannot e x p l o i t the s i t u a t i o n 
i n d e f i n i t e l y through i n s u f f i c i e n t d i s p e r s a l of i t s propagules and 
lack of an in p u t from e x t e r n a l sources. 
Nevertheless the d e c l i n e of the Hypericum seed bank does slow 
d r a m a t i c a l l y i n older woodlands, and t h i s may be brought about by 
a d i f f e r e n t i a l r a t e o f decay w i t h depth of b u r i a l , augmented by 
occasional seed input from windthrow. The f u t u r e o f the seed bank 
beneath the Tavistock Woodland Estates would t h e r e f o r e appear t o 
be a gradual disappearence of the Hypericum seeds and a re v e r s i o n 
t o a seed bank t y p i c a l of n a t u r a l f o r e s t s , composed only of the 
seeds produced by shade t o l e r a n t species and the airborne i n p u t 
(Johnson 1975, Whipple 1978). 
How long the seed bank of Hypericum pulchrum w i l l p e r s i s t 
beneath the Tavistock Woodlands cannot be estimated. The seed 
bank present beneath the 200 year o l d stand i s of ' s i m i l a r s i z e t o 
t h a t beneath the 100 year stand, the r a t e of decay i l l u s t r a t e d by 
Figure 17 being extremely slow. Even a f t e r the removal of the 
seeds from the m a j o r i t y of the stand area, the r e i n f o r c e d patches 
surrounding f a l l s w i l l be present, p o s s i b l y f o r another 200 
years. I f the canopy i s removed before t h i s p e r i o d then 
r e c o l o n i s a t i o n o f the d i s t u r b e d s o i l can take place from these 
seed bank r e s e r v o i r s . 
An unknown f a c t o r i n the development of a seed bank i s the 
l i f e expectancy o f the c o n s t i t u e n t seeds. W i l l the seeds o f 
D i g i t a l i s and Hypericxam reach a maximum age l i m i t beyond which 
s u r v i v a l i s not p o s s i b l e , or w i l l they continue depth r e l a t e d 
decay u n t i l e x t i n c t i o n ? I f there i s a maximum l i f e expectancy i s 
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t h i s also r e l a t e d t o depth of b u r i a l ? 
Rampton and Ching (1970) have measured decreases i n the r a t e of 
loss of seeds w i t h i n c r e a s i n g depth of b u r i a l . However, i t i s not 
cl e a r why there i s a d i f f e r e n c e i n the ra t e s o f decay of 
Hypericum and D i g i t a l i s , species which have s i m i l a r d i s t r i b u t i o n s 
i n the measured p r o f i l e s and comparable seed size and morphology. 
Studies of the mechanisms of dormancy i n long term seed bank 
species such as Hypericum pulchrum and D i g i t a l i s purpurea i n 
comparison w i t h s h o r t e r l i v e d seeds are re q u i r e d t o c l a r i f y the 
s i t u a t i o n , e s p e c i a l l y i n r e l a t i o n t o the e f f e c t of depth of 
b u r i a l . 
Grubb (1977) s t a t e d t h a t : 
" I t i s probably extremely important f o r many 
su b s i d i a r y species t h a t they can regenerate from seed 
t h a t has been i n the s o i l f o r decades whenever and 
wherever a gap a r i s e s . Examples are species o f 
A g r o s t i s , Holcus and Poa i n grasslands of Western 
Europe and species of Hypericum, Juncus and Verbascum 
i n f o r e s t s i n the same area, able t o b e n e f i t from gaps 
made by t r e e f a l l s . " 
The r e s u l t s o f t h i s study have es t a b l i s h e d t h a t c e r t a i n l y f o r 
Hypericum pulchrum the a b i l i t y t o e x p l o i t disturbance created by 
t r e e f a l l s i s a f u n c t i o n o f the len g t h of time f o r which the 
canopy has remained closed above the seed bank. E x p l o i t a t i o n of 
t r e e f a l l disturbance allows Hypericum pulchrtam t o double i t s seed 
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bank l i f e span beneath a "closed" canopy, enabling s u r v i v a l f o r 
approximately 300-400 years, perhaps u n t i l the next major canopy 
disturbance. The l i f e span of the Juncus spp. seed banks are 
i n s u f f i c i e n t t o all o w them t o e x p l o i t t h i s s i t u a t i o n i n the 
Tavistock woodlands. 
The exactness of the TREFAL s i m u l a t i o n has already been 
mentioned i n the sections d e s c r i b i n g the d e r i v a t i o n o f 
parameters. Some of the assumptions made concerning competition 
e f f e c t s or the s i m p l i f i c a t i o n of seedling establishment, p l a n t 
m o r t a l i t y and the l e v e l s of seed production from a windthrow 
disturbance, can be overcome w i t h confidence considering the 
degree of accuracy expected o f the s i m u l a t i o n . However, other 
f a c t o r s provide o p p o r t u n i t i e s f o r the improvement of the model by 
f u r t h e r work, i n c l u d i n g the lack of a r e l a t i o n s h i p between the 
seed production on a f a l l and the size of the seed bank a t the 
time of f a l l ; the absence of a r e l a t i o n s h i p between the r a t e of 
windthrow or t h i n n i n g and the g i r t h of t r e e or age of the stand; 
and the seed i n p u t and d i s p e r s a l equations being based on 
a r b i t r a r y r e l a t i o n s h i p s t h a t may have d i f f e r i n g s o l u t i o n s . This 
i s e s p e c i a l l y t r u e f o r the d i s p e r s a l parameters which have proved 
c r i t i c a l t o the simulated seed bank developments. S e n s i t i v i t y 
a n a l y s i s of the system has revealed the possi b l e outcome of 
several parameter combinations none of which were able t o mimic 
the r e s u l t s measured i n the f i e l d . The model has t h e r e f o r e proved 
u s e f u l i n assessing the dynamics of the windthrow - coppice seed 
bank i n t e r a c t i o n s but there i s room f o r m o d i f i c a t i o n . 
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A d d i t i o n a l p o s s i b i l i t i e s t h a t could r e a l i s t i c a l l y be achieved 
are 
i ) The a d d i t i o n o f a three dimensional s i m u l a t i o n f o r the seed 
bank, a l l o w i n g the e f f e c t o f d i f f e r i n g r a t e s of decay according 
t o depth of b u r i a l t o be assessed. 
i i ) An extension t o include r e c r u i t m e n t t o the t r e e p o p u l a t i o n , 
such t h a t as the canopy gaps become too large t o be closed by 
extension growth, the f a l l s are replaced by t r e e seedlings. The 
model might then be a l t e r e d along s i m i l a r l i n e s t o t h a t of 
B o t k i n , Janak and W a l l i s (1972), who developed a m u l t i s p e c i e s 
stand model. This would al l o w e x t r a p o l a t i o n t o greater woodland 
ages and also enable an examination of the seed bank dynamics i n 
n a t u r a l f o r e s t s . 
i i i ) Further d e t a i l e d i n v e s t i g a t i o n s of a l l the generating 
f u n c t i o n s made i n t h i s p r e l i m i n a r y model, e s p e c i a l l y the 
r e l a t i o n s h i p of seed input and d i s p e r s a l t o f a l l s i z e . 
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2,7.2 I m p l i c a t i o n s f o r other temperate woodlands. 
The unique f e a t u r e of coppice stand seed banks i s the high 
d e n s i t y o f seeds present as a r e s u l t of repeated c l e a r i n g of the 
canopy, which allows growth and seed production by shade 
i n t o l e r a n t p l a n t s . I t i s these high d e n s i t i e s which ensure t h a t 
s u f f i c i e n t seeds o f Hypericum pulchrum are present t o allow 
c o l o n i s a t i o n of disturbances when windthrows are of s u f f i c i e n t 
size t o create a s u i t a b l e canopy gap. 
I n n a t u r a l temperate woodland stands such as those studied by 
F a l i n s k i (1978), Brewer & M e r r i t t (1978), Runkle (1982) and White 
et a l (1985), the seed bank would be formed a f t e r clearance by 
f i r e or storms, which would perhaps only allow the formation of a 
seed bank of lower density than t h a t found beneath newly closed 
coppice stands. Given the l i k l i h o o d o f a lower seed bank d e n s i t y 
( compare, f o r instance, the newly closed p l a n t a t i o n canopies t o 
those of the 5 and 20 year coppice i n Tables 7 & 8 ) , then 
v i r t u a l l y a l l seeds might decay before the tr e e s grew to 
s u f f i c i e n t s i z e t o f a l l and create the c o n d i t i o n s necessary f o r 
c o l o n i s a t i o n o f the s o i l mound. Low d e n s i t i e s o f seeds i n the 
s o i l s o f old-growth f o r e s t s o f Colorado have been demonstrated by 
Whipple (1978). 
Comparisons o f the windthrow disturbance r a t e measured i n the 
coppice stands w i t h other temperate f o r e s t s are hampered by a 
lack o f published data. The m a j o r i t y of studies have e i t h e r 
compared the causes of t r e e m o r t a l i t y by examining past f a l l s 
w i t h o u t attempting t o measure the time p e r i o d over which they 
occurred, or have measured the r a t e of canopy gap formation 
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w i t h o u t g i v i n g the cause ( Runkle 1981, White e t a l 1985 ) . 
F a l i n s k i (1978) e s t a b l i s h e d t h a t f o r the f o r e s t s of 
Baloweiza, Poland, the r a t e o f windthrow was 0.96 - 2.16 t r e e s / 
hecatre / year; Brewer & M e r r i t t (1978) measured a r a t e of 0.205 
tre e s / hectare / year and quote Webster and Gough (1959) as 
measuring a r a t e of 0.1 - 0.2 t r e e s / hectare / year i n a 
secondary woodland ( the Tavistock coppice survey measured a r a t e 
o f 0.08 t r e e s / hectare / year ) . Converted f o r use i n the TElEFAL 
s i m u l a t i o n model, the r a t e s measured by F a l i n s k i (1978) and 
Brewer & M e r r i t t (1978) are above those which produce a s t a b l e 
seed d e n s i t y f o r Hypericum pulchrum, but a t s u b s t a n t i a l l y lower 
than measured d e n s i t i e s ; only the upper value of Webster & Gough 
(1959) w i l l r e s u l t i n an e q u i l i b r i u m d e n s i t y . The seed p a t t e r n 
throughout the s o i l a t t h i s e q u i l i b r i u m was composed of areas o f 
high d e n s i t y surrounding the f a l l s and zero d e n s i t y between them. 
This e q u i l i b r i u m could only be achieved w i t h the t h r e s h o l d 
f o r the number of seeds r e q u i r e d i n the d i s t u r b e d s o i l (TH) set 
t o zero. The b i o l o g i c a l i m p l i c a t i o n o f a zero t h r e s h o l d i s t h a t 
there i s a wind or animal dispersed seed i n p u t t o a l l f a l l 
d isturbances, a s i t u a t i o n p r e v i o u s l y found f o r some species i n 
f o r e s t s ( F a l i n s k i 1978, Marks 1983), but not f o r Hypericum. 
I n c o n t r a s t t o these r a t e s Harcombe & Marks (1983) found no 
uprooted t r e e s i n a f i v e year study of a Fagus - Magnolia f o r e s t 
i n Texas, U.S.A. 
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Putz e t a l (1983) compared the various modes o f m o r t a l i t y of 
canopy t r e e s w i t h i n studies o f f o r e s t dynamics. They found t h a t 
the range of the percentage o f uprooted t r e e s was considerable as 
i s shown by t h e i r l i s t of temperate and t r o p i c a l studies w i t h the 
a d d i t i o n o f the Tavistock data: 
Author 
Percentage composition o f the 
mode of death 
Snapped Uprooted Died Standing 
Temperate f o r e s t s . 
Runkle (1982) 
Harcombe and Marks (1983) 
Gordon (1973) 














T r o p i c a l f o r e s t s 
Putz e t a l (1983) 
Wood (1970) 
Jones (1956) 




37 & 34 
10 
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V a r i a t i o n i n the r a t e o f uprooting as a percentage of t o t a l 
m o r t a l i t y does not n e c e s s a r i l y imply d i f f e r e n c e s i n the a c t u a l 
r a t e o f s o i l disturbance because t o t a l m o r t a l i t y r a t e s w i l l a l s o 
d i f f e r between f o r e s t s . However the various r a t e s measured by 
F a l i n s k i (1978), Brewer & M e r r i t t (1978) and Harcombe & Marks 
(1983) seem t o i n d i c a t e t h a t there i s v a r i a t i o n i n the degree o f 
disturbance throughout temperate f o r e s t s . 
S o i l type and exposure t o wind may also play a r o l e , Putz e t 
a l (1983) found no c o r r e l a t i o n of windthrow r a t e w i t h topography 
but Brewer & M e r r i t t (1978) found higher rates of uprooting on 
dense c l a y . 
Brewer & M e r r i t t (1978) and Runkle (1982) have also measured 
i n t e r s p e c i f i c d i f f e r e n c e s i n the r a t e of f a l l of canopy t r e e s . 
Runkle (1982) presents the f o l l o w i n g t a b l e : 
NQ forming % Uprooted 
gaps 
Acer rubrum 9 22 
Acer saccharum 64 11 
Aesculus octandra 17 18 
Betula l u t e a 17 5 
Castanea dentata 7 50 
Fagus g r a n d i f o l i a 237 19 
Fraxinus americana 8 12 
Halesia Carolina 71 17 
Magnolia f r a s e r i 13 0 
T i l i a h e t e r o p h y l l a 47 6 
Tsuga canadensis 163 7 
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Brewer & M e r r i t t (1978) found i n a Beech - Maple f o r e s t t h a t 
the percentage o f uprooting d i f f e r e d between species, beech 
having the higher r a t e , and also t h a t the uprooted size c l a s s 
d i s t r i b u t i o n of each species was i n p r o p o r t i o n t o t h e i r s i z e 
class d i s t r i b u t i o n w i t h i n the canopy f o r the m a j o r i t y of 
classes, but beech of greater than 75 cm DBH were more susceptiJale 
t o u p r o o t i n g . ^ 
Putz e t a l (1983) have shown t h a t the mode of m o r t a l i t y w i l l 
be r e l a t e d t o the growth form of the t r e e , i n terms o f the 
s t r u c u r a l shape and the wood p r o p e r t i e s . C l e a r l y the t a l l , 
e t i o l a t e d form of coppice t r e e s w i l l be conducive t o snapping 
r a t h e r than u p r o o t i n g , although i n the h i g h l y competitive 
environment of the coppice stands standing death through 
competitive shading appears t o be the main form o f m o r t a l i t y . 
The above f a c t o r s ensure t h a t the TREFAL model would have t o 
be i n d i v i d u a l l y t a i l o r e d t o each f o r e s t t o be used f o r p r e d i c t i v e 
purposes. I t should also be noted t h a t the stand s t r u c t u r e of a 
n a t u r a l f o r e s t , unless " r e c e n t l y " d i s t u r b e d , w i l l be a mosaic of 
species, g i r t h s and canopy areas; not the monospecific even aged 
stand modelled i n t h i s study. There w i l l be gap replacement of 
f a l l s i n a d d i t i o n t o extension growth of the surrounding t r e e s . 
As described p r e v i o u s l y a more elaborate model i s needed t o all o w 
p r e d i c t i o n s of the p o s s i b i l i t y o f a species s u r v i v i n g on 
windthrows i n these environments. 
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Brewer and M e r r i t t (1978) c a l c u l a t e d t h a t w i t h i n the stands 
t h a t they s t u d i e d , the measured r a t e of s o i l turnover by 
windthrow would r e q u i r e 4167 years t o completely cover one 
hectare of s o i l surface. By extending t h e i r average area of f a l l 
disturbance t o include the radius of d i s p e r s a l from a s o i l mound 
measured i n t h i s study f o r Hypericum pulchrum and by using the 
same r a t e o f disturbance, the time t o disperse Hypericum seeds 
over a hectare o f n a t u r a l f o r e s t can be c a l c u l a t e d . I n Section 
1 . 9 . 2 ( i i ) the average radius of d i s p e r s a l of seeds measured from 
the disturbance mounds by tr a n s e c t s of cores was 2.5 metres. This 
corresponds t o a time t o disperse seeds over a hectare of 785 
years. I n the seed t r a p p i n g experiment Section 2 . 4 . 2 ( i i ) the seed 
was dispersed t o approximately 1.5 metres corresponding t o a time 
t o cover the hectare of 1307 years. Both times are s t i l l 
c onsiderably beyond the l e n g t h of time f o r which Hypericum has 
been found t o e x i s t i n the s o i l . 
S i m i l a r l y i f we assume, s t a r t i n g w i t h the lower d e n s i t i e s 
l i k e l y t o be found beneath n a t u r a l f o r e s t s , t h a t Hypericum 
pulchrum can e x i s t i n the s o i l f o r 100 years, then i t can be 
c a l c u l a t e d t h a t the seeds would have t o be dispersed a t l e a s t 
12.5 m from a f a l l t o enable windthrow t o provide a complete 
coverage of a hectare w i t h i n 100 years, and thus a l l o w continued 
existence o f the species i n the seed bank. The higher rates of 
disturbance measured by F a l i n s k i (1978) reduce the distance o f 
d i s p e r s a l t o 3.9 - 5.8 metres. B i r d or animal d i s p e r s a l over 
greater distances would reduce the time the seeds would need t o 
remain v i a b l e w i t h i n the s o i l , but t h i s w i l l reduce the 
p r o b a b i l i t y o f a r r i v a l of seed at any s i t e which may r e s u l t i n an 
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increase i n the time spent i n the s o i l { see the next sec t i o n ) 
Large d i s p e r s a l distances are c h a r a c t e r i s t i c o f the animal 
dispersed gap c o l o n i s i n g species o f the North American f o r e s t s 
discussed by Marks (1983) and the wind dispersed species o f the 
European f o r e s t s examined by F a l i n s k i (1978). 
Marks(1983) stu d i e d the f o r e s t s o f Eastern North America i n 
order t o f i n d a s o l u t i o n t o the question: 
" I n the primeval landscape ( when the land was covered 
by f o r e s t ) where were the p l a n t s associated w i t h o l d 
f i e l d succession today ?" 
He i d e n t i f i e d four possible answers: 
1) The successional o l d f i e l d p l a n t s evolved on a g r i c u l t u r a l 
land abandoned by Indians. 
2) They migrated eastwards f o l l o w i n g the opening of r a i l w a y 
t r a c k s and the clearance of the f o r e s t . 
3) Native f i e l d p l a n t s were the t r u e pioneer or e a r l y 
successional species t h a t colonised temporary openings caused 
by f i r e , wind and other types o f damage t o the o r i g i n a l 
f o r e s t . Populations maintained by moving from one temporary 
opening t o another. 
4) They were o r i g i n a l l y r e s t r i c t e d t o marginal h a b i t a t s where 
the p h y s i c a l environment prevented f o r e s t development. 
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The f i r s t hypothesis was r e j e c t e d on the grounds of where 
were the p l a n t s before the Indian clearances? The second by 
the f a c t t h a t many o l d f i e l d p l a n t s have eastern d i s t r i b u t i o n s 
and were described i n the eastern f l o r a s before clearance of 
the f o r e s t s . 
Marks (1983) selected 13 species r e p r e s e n t a t i v e o f the o l d 
f i e l d succession and examined t h e i r d i s t r i b u t i o n w i t h i n 
present day marginal h a b i t a t s t o which f o r e s t cannot extend; 
t h e i r d i s t r i b u t i o n w i t h i n f o r e s t canopy gaps; references t o 
the species i n past surveys w i t h i n f o r e s t before the onset o f 
clearance; and also the seed d i s p e r s a l c i b i l i t y of the species 
i n both time ( dormancy w i t h i n the s o i l ) and space. He found 
t h a t although the species were o c c a s i o n a l l y found w i t h i n 
f o r e s t openings i n recent and past s t u d i e s , the s i t e s examined 
were close t o p o s s i b l e souces of seed; no remote s i t e s 
contained f i e l d species. 
Marks(1983) also found t h a t r a p i d growth of woody species 
w i t h i n the f o r e s t openings r e s t r i c t e d c o l o n i s a t i o n by f i e l d 
species. C o l o n i s a t i o n was r e s t r i c t e d , except f o r extreme 
cases, t o one or two years and i t was h i g h l y u n l i k e l y t h a t an 
i n t o l e r a n t species could become e s t a b l i s h e d w i t h a high 
p r o b a b i l i t y of s e t t i n g seed a f t e r the second or t h i r d 
germinating season. 
( W i t h i n the TREFAL model i t was assumed t h a t the Hypericum 
re c r u i t m e n t t o the seed bank p e r s i s t e d throughout the period 
of time f o r which the canopy was open. Growth of shrubs or 
t r e e seedlings on or around the mounds i s not a l i m i t i n g 
f a c t o r t o establishment. Hypericum p l a n t s , although e t i o l a t e d , 
were est a b l i s h e d beneath r e c e n t l y closed canopy gaps, so t h a t 
the assumption of reinforcement throughout the gap phase i s 
j u s t i f i e d . These l i m i t a t i o n s t o recruitment would have t o be 
simulated i f TEIEFAL were t o be extended t o n a t u r a l f o r e s t s . ) 
Marks (1983) also c l a s s i f i e d the o l d species i n t o 
d i v i s i o n s of seed d i s p e r s a l i n r e l a t i o n t o space and time. 
Using t h i s method he e s t a b l i s h e d t h a t four species would be 
s u i t a b l e f o r gap c o l o n i s a t i o n by use of animal d i s p e r s a l and a 
r e l a t i v e l y long seed bank dormancy p e r i o d . Of the four only 
Rhus typhina was found w i t h i n f o r e s t r y openings i n past and 
present f l o r a s . He p o s t u l a t e d t h a t the m a j o r i t y of o l d f i e l d 
species would t h e r e f o r e be found i n permanent marginal 
h a b i t a t s , f r e e from f o r e s t , w i t h occasional d i s t r i b u t i o n t o 
adjacent canopy gaps. Only Rhus typhina and three species not 
considered i n the t h i r t e e n , but known t o e x i s t i n f o r e s t 
openings { Prunus pennsylvanica, Rubus s t r i g o s u s and 
Phytolacca americana ) , could e x p l o i t canopy gaps by means of 
good d i s p e r s a l i n space ( animal d i s p e r s a l ) , and time ( seed 
bank dormancy ) . 
As described by A u c l a i r & Cottam (1971) the species which 
are able t o s u c c e s s f u l l y e x p l o i t openings i n the canopy of 
f o r e s t s have : 
1) High re p r o d u c t i v e p o t e n t i a l , producing large numbers of 
seeds which are u s u a l l y b i r d dispersed, ensuring r a p i d 
widespread i n v a s i o n . 
2) Mechanisms delaying germination enabling large numbers of 
seeds t o accumulate through a p e r i o d of years. 
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3) Seedlings which are vigorous and show no strong seed bed 
requirements except freedom from c o m p e t i t i o n . 
4) Rapid growth under favourable c o n d i t i o n s . 
5) Tolerance of regressive i n f l u e n c e s . 
Hypericum pulchrum could be placed w i t h the marginal 
species. I t has high reproductive p o t e n t i a l and good d i s p e r s a l 
i n time a l l o w i n g i t , i n a favourable environment, t o 
accumulate a large seed reserve which has been shown t o l a s t 
f o r over 200 years. I t only r e q u i r e s exposure t o l i g h t and the. 
c o r r e c t temperature regime i n order f o r i t s seedlings to 
germinate. However, i t lacks s u f f i c i e n t d i s p e r s a l i n space, 
r e l y i n g on wind d i s p e r s a l i n a r e l a t i v e l y s h e l t e r e d f o r e s t 
environment and i t s seedlings are also s u s c e p t i b l e t o shade, 
drought and f r e e z i n g . This l i f e h i s t o r y stategy may allow 
Hypericum t o survive i n open f o r e s t or r e g u l a r l y d i s t u r b e d 
scrub, o c c a s i o n a l l y e n t e r i n g f o r e s t a f t e r major disturbances, 
but i t w i l l not survive beneath r e l a t i v e l y s t a b l e canopies. 
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2.7.2 I m p l i c a t i o n s f o r t r o p i c a l f o r e s t . 
E x p l o i t a t i o n of a seed bank and windthrow d i s t u r b a n c e has 
a l s o proved to be a p o t e n t i a l mechanism f o r maintenance of t r e e 
s p e c i e s w i t h i n a t r o p i c a l canopy. Symington (1933), Guevara and 
Gomez Pompa (1972), Cheke e t a l (1979), and Putz (1983) have 
found seeds of e a r l y pioneer t r e e s p e c i e s w i t h i n the s o i l of 
t r o p i c a l f o r e s t s . T h i s r e s e r v e of propagules a l l o w s them to 
e x p l o i t randomly c r e a t e d gaps i n the canopy and i s one of the 
mechanisms by which d i v e r s i t y of canopy s p e c i e s i s maintained 
w i t h i n t r o p i c a l f o r e s t s ( Hubbell and F o s t e r 1986 ) . 
Putz (1983) has e s t a b l i s h e d t h a t 11 t r o p i c a l t r e e s p e c i e s 
which were p r e s e n t i n a seed bank appeared on t r e e f a l l 
d i s t u r b a n c e i n the f o r e s t s of Barro Colorado I s l a n d . The e i b i l i t y 
of these s p e c i e s to c o e x i s t i n the com p e t i t i v e environment of the 
t r o p i c a l canopy i s dependent on t h e i r r a p i d growth to f i l l a 
canopy gap and produce seed before any competitor excludes them. 
The seed bank l o n g e v i t y of pioneer t r o p i c a l t r e e seeds has 
been reviewed by Whitmore (1983), who found t h a t i n pu b l i s h e d 
s t u d i e s the modal seed bank l i f e span was one year with few 
s p e c i e s exceeding t h i s p e r i o d . As wi t h the s h o r t l i v e d seed bank 
s p e c i e s i n the s o i l s of the T a v i s t o c k survey, the seeds were 
confined to the uppermost l a y e r s of the s o i l p r o f i l e ( Whitmore 
1983, E n r i g h t 1985 ) . Putz (1983) measured d e n s i t i e s of 742 seeds 
/ m^ to 10 cm and 84 seeds / m^from 10 - 20 cm i n the s o i l s of 
Barro Colorado I s l a n d ; Cheke e t a l (1979) a l s o found seed to 
20cm. 
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Cheke e t a l (1979) measured the d i s t r i b u t i o n of seeds of 
pioneer t r e e s w i t h i n seed banks i n T h a i l a n d . They found v i a b l e 
seed of four s p e c i e s a t up to 175 m from the n e a r e s t p o s s i b l e 
source. With a d i s p e r s a l range of 175 m the a r e a to which seeds 
of these s p e c i e s a r e d i s t r i b u t e d i s approximately 9.6 h e c t a r e s . 
Putz (1983) measured a r a t e of windthrow i n the Barro Colorado 
I s l a n d f o r e s t s of 3.28 t r e e s / h e c t a r e / y e a r . Given s i m i l a r 
d i s p e r s a l ranges i n the two f o r e s t s , pioneer t r e e s could 
t h e r e f o r e e x i s t w i t h i n the canopy, even without a seed bank, i f 
t h e i r r a t e of windthrown gap capture i s g r e a t e r than or equal t o 
1 i n 30. Brokaw (1982) a l s o measured the r a t e of gap formation 
w i t h i n the t r o p i c a l f o r e s t s of Barro Colorado I s l a n d , f i n d i n g a 
r a t e of formation of 0.19 gaps per h e c t a r e per year s u i t a b l e f o r 
pioneer s p e c i e s ( > 150 square metres ) . Putz (1983) has 
e s t a b l i s h e d t h a t 17% of the Barro Colorado I s l a n d gaps are formed 
by uprooting, and the a c t u a l r a t e of uprooting gap formation t h a t 
would be d e r i v e d from Brokaw (1982) would t h e r e f o r e be l e s s than 
t h a t measured by Putz (1983). The r a t e of gap capture by pioneer 
t r e e s e x p l o i t i n g seed bank d i s t u r b a n c e would t h e r e f o r e have to be 
g r e a t e r , or seed bank l o n g e v i t y i n c r e a s e d , to maintain the 
s p e c i e s w i t h i n the canopy. 
Short p e r i o d s of seed bank dormancy of pioneer t r o p i c a l t r e e s 
may be a mechanism e n a b l i n g the s p e c i e s to e x p l o i t seasonality 
of the formation of gaps w i t h i n the f o r e s t canopy {Brokaw 1982). 
As Whitmore (1983) has s t a t e d the demonstration t h a t seeds 
accumulate w i t h i n t r o p i c a l s o i l s may by i t s e l f be of l i m i t e d 
b i o l o g i c a l s i g n i f i c a n c e . Seeds d i s p e r s e d l a t e i n the r a i n y season 
or i n the f o l l o w i n g dry season remain dormant i n the s o i l u n t i l 
the next r a i n y season ( Garwood 1982 ) . 
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I t would be i n t e r e s t i n g to examine the i n t e r a c t i o n between 
seed bank l o n g e v i t y and seed d i s p e r s a l mechanisms and d i s t a n c e s 
i n the l i f e h i s t o r y s t r a t e g y of pioneer t r e e s p e c i e s . Evidence of 
a r e l a t i o n s h i p i s found i n Whitmore (1983), i n which he d e s c r i b e s 
the r e s u l t s of H a l l & Swaine (1980) who d i s c o v e r e d t h a t few of 
the seeds i n t h e i r s o i l samples were wind d i s p e r s e d . Whitmore 
(1983) c i t e s t h i s as p o s s i b l e evidence t h a t wind d i s p e r s e d seeds 
a r r i v e i n the seed r a i n and only animal d i s p e r s e d seeds occur i n 
the seed s t o r e . Cheke e t a l (1979) reported t h a t a l l the pioneer 
t r e e s germinating from the Malaysian t r o p i c a l f o r e s t s o i l s t h a t 
they sampled were b i r d d i s p e r s e d , Putz (1983) found 11 s p e c i e s of 
pioneer t r e e s i n the seed bank of the Barro Colorado I s l a n d 
f o r e s t s . Of the s i x s p e c i e s he l i s t s , Miconia argentea, C e c r o p i a 
i n s i g n i s ( which comprise 69% of the t o t a l ) , Zanthoxylum 
paramense and Trema micrantha are animal d i s p e r s e d . Two wind 
d i s p e r s e d pioneer s p e c i e s a r e l i s t e d , only one of which 
(Luhea seemannii) was found i n low d e n s i t y . 
I n the temperate f o r e s t s of North America, Marks (1983) found 
t h a t the only s p e c i e s t h a t could r e g u l a r l y c o l o n i s e f o r e s t canopy 
gaps from the seed bank were a l s o a l l b i r d d i s p e r s e d . Within the 
T a v i s t o c k Woodland E s t a t e seed banks Rubus f r u t i c o s u s , which i s 
b i r d d i s p e r s e d , i s the only s p e c i e s e x h i b i t i n g these 
c h a r a c t e r i s t i c s . 
Using seed t r a p s w i t h i n a B r a z i l i a n s u b t r o p i c a l montane r a i n 
f o r e s t , Jackson (1981) measured an i n v e r s e c o r r e l a t i o n between 
seed s i z e and the p r o b a b i l i t y of a r r i v a l of seed a t a s i t e . 
L a r g er seeds tended to be animal d i s p e r s e d and t h e r e f o r e had a 
reduced p r o b a b i l i t y of r e a c h i n g a s i t e i n comparison with 
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s m a l l e r , more evenly d i s t r i b u t e d , wind d i s p e r s e d seeds. 
A r e d u c t i o n i n the p r o b a b i l i t y of r e a c h i n g a s u i t a b l e 
r e g e n e r a t i o n niche may be countered by the development of 
d i s p e r s a l i n time { seed bank dormancy ) enabling animal 
d i s p e r s e d pioneer s p e c i e s to e x p l o i t canopy gaps. 
The s m a l l s i z e c h a r a c t e r i s t i c of the seed of pioneer t r e e s 
{Putz 1983) may a i d i n d i s p e r s a l i n t o gaps by wind and may a l s o 
be an advantage i n p e n e t r a t i n g the l i t t e r l a y e r of the f o r e s t 
f l o o r and t h e r e f o r e e n t r y i n t o the seed bank beneath. However, 
not a l l s u i t a b l e canopy gaps are c r e a t e d by uprooting; many 
r e s u l t from snapping of the t r e e trunk ( eg. Putz e t a l (1983): 
70% snapped, 10% uprooted ) . I t would t h e r e f o r e be of advantage 
to the s e e d l i n g to be of s u f f i c i e n t s i z e to be a b l e t o p e n e t r a t e 
the l i t t e r l a y e r ( Thompson 1987 ) ; the s m a l l seeds of wind 
d i s p e r s e d s p e c i e s produce s m a l l s e e d l i n g s which may only be 
s u i t e d to c o l o n i s i n g a r e a s of bare s o i l . Seed bank dormancy i n 
animal d i s p e r s e d s p e c i e s may t h e r e f o r e r e s u l t from s e l e c t i o n 
p r e s s u r e s f o r the c h a r a c t e r i s t i c s of A u c l a i r & Cottam (1971) 
( vigorous s e e d l i n g s with no seed bed requirements; r a p i d 
s e e d l i n g growth; t o l e r a n c e of r e g r e s s i v e i n f l u e n c e s ) , and a l s o 
the reduced p r o b a b i l i t y of a r r i v a l a t a s i t e through e x p l o i t a t i o n 
of animal d i s p e r s a l to d i s t r i b u t e the h e a v i e r seeds t h a t these 
c h a r a c t e r i s t i c s imply. 
Evidence of a dichotomy i n seed l o n g e v i t y w i t h i n the s o i l , i n 
r e l a t i o n to the s i z e and d i s p e r s a l s t r a t e g y of pioneer s p e c i e s , 
i s a l s o found i n the c h a r a c t e r i s t i c s of the g u i l d s of t r o p i c a l 
f o r e s t canopy s p e c i e s ( separated by d i f f e r e n c e s i n r e g e n e r a t i o n 
requirements ) d e s c r i b e d by Hubbell and F o s t e r (1986). Two g u i l d s 
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e x p l o i t gaps w i t h i n the canopy. E a r l y pioneer s p e c i e s p e r s i s t as 
dormant seeds i n the s o i l . They have f a s t growth r a t e s , w i t h 
e a r l y maturation, and flower w h i l e s t i l l s m a l l ; they produce 
seeds which are g e n e r a l l y bat or b i r d d i s p e r s e d . Late secondary 
s p e c i e s are of g r e a t e r s t a t u r e than e a r l y pioneer s p e c i e s , they 
a l s o p e r s i s t f o r longer w i t h i n the canopy. Many are emergent 
I -
s p e c i e s ( growing t a l l e r than the canopy ) , and have seeds which 
are wind d i s p e r s e d ( p a r t i c u l a r l y the emergent s p e c i e s ) or are 
d i s t r i b u t e d by ground mammals. For wind d i p e r s e d t r e e s p e c i e s 
w i t h a v a s t production of seed over many y e a r s and a hei g h t 
advantage to seed d i s p e r s a l ( i n comparison w i t h Hypericum and 
D i g i t a l i s ) , the seed bank l i f e span may only need to be 
r e l a t i v e l y s h o r t to enable e x p l o i t a t i o n of s o i l exposed by 
sea s o n a l windthrows. Pioneer t r e e s which do have a r e s e r v e of 
seeds i n the s o i l are known to be s m a l l i n comparison with canopy 
s p e c i e s which e x p l o i t other r e g e n e r a t i o n mechanisms 
(T.C.Whitmore, p e r s . comm.). 
The g r e a t e r d i v e r s i t y of t r e e s i n t r o p i c a l as compared to 
temperate f o r e s t s has r a i s e d much debate; a review of the main 
t h e o r i e s i s provided by Le i g h (1982). Could these t h e o r i e s a l s o 
be r e s p o n s i b l e f or the g r e a t e r number of pioneer s p e c i e s a b l e t o 
e x p l o i t canopy gaps by use of a seed bank beneath t r o p i c a l 
f o r e s t s ? I s the canopy gap environment i n the t r o p i c s more 
v a r i a b l e , p r o v i d i n g r e g e n e r a t i o n n i c h e s f o r a g r e a t e r d i v e r s i t y 
of s p e c i e s ? Are the r a t e s of gap formation higher i n the 
t r o p i c s ? 
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R i c k l e f s (1977) suggested t h a t through g r e a t e r environmental 
het e r o g e n e i t y under gaps i n t r o p i c a l canopies, i n comparison w i t h 
temperate f o r e s t s , a g r e a t e r number of s p e c i e s could be adapted 
to e x p l o i t openings. He put t h i s e x p l a n a t i o n forward for 
i n c l u s i o n i n the l i s t of f a c t o r s thought to be r e s p o n s i b l e f o r 
the g r e a t e r s p e c i e s d i v e r s i t y i n t r o p i c a l v e g e t a t i o n . I n c o n t r a s t 
a d e t a i l e d study of the s p e c i e s germinating w i t h i n gaps on Barro 
Colorado I s l a n d by Hubbell & F o s t e r (1986) found no evidence f o r 
s p e c i a l i s a t i o n of r e g e n e r a t i v e n i c h e s , the m a j o r i t y of s p e c i e s 
showing s t a t i s t i c a l i n d i f f e r e n c e to m i c r o s i t e d i f f e r e n c e s . 
N e v e r t h e l e s s Brokaw (1982), Denslow (1980), Hartshorn (1978, 
1980) and Whitmore (1974) have a l l s t a t e d t h a t the gap s i z e and 
the s e a s o n a l timing of gap formation and seed germination w i l l 
a l l a f f e c t e s t a b l i s h m e n t w i t h i n the r e g e n e r a t i o n n i c h e and 
t h e r e f o r e the s p e c i e s which c o l o n i s e i t . 
The r a t e of gap formation, measured as the turnover r a t e of 
the canopy, has been found by Brokaw (1982) to be s i m i l a r to t h a t 
measured by Runkle (1978) i n temperate f o r e s t s . I n a f u r t h e r 
study of o l d growth mesic f o r e s t s Runkle (1982) measured r a t e s of 
canopy turnover which were s i m i l a r to t h r e e other s t u d i e s i n 
temperate f o r e s t s { Heinselman 1973, Z a r i c k s o n 1977 and A b r e l l & 
Jackson 1977 ) , and to two s t u d i e s i n t r o p i c a l f o r e s t s ( L e i g h 
1975, Hartshorn 1978 ) . The mode of m o r t a l i t y to which the canopy 
t r e e s are s u b j e c t e d a l s o v a r i e s c o n s i d e r a b l y w i t h i n the two 
f o r e s t environments ( page 270 ) , but does not appear to d i f f e r 
s y s t e m a t i c a l l y between temperate and t r o p i c a l f o r e s t . 
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However, the r a t e s of windthrow measured i n temperate f o r e s t s 
( F a l i n s k i (1977) 0.96 - 2.16 t r e e s / h e c t a r e / year. Brewer & 
M e r r i t t (1978) 0.205 t r e e s / h e c t a r e / y ear, Webster & Gough 
(1959) 0.1 - 0.2 t r e e s / h e c t a r e / year ) , do appear to be lower 
than those of t r o p i c a l f o r e s t s measured by Putz (1983) which can 
be c a l c u l a t e d as 3.3 t r e e s / h e c t a r e / y e a r , but as p r e v i o u s l y 
s t a t e d r a t e s d e r i v e d from Brokaw (1982) may be lower. Hubbell and 
F o s t e r (1986) s t a t e t h a t the r a t e of canopy gap formation i s 
r e l a t e d to topography ( wind exposure ) but Putz £t al^ (1983) 
found no c o r r e l a t i o n w i t h slope of the f o r e s t f l o o r . 
I t would appear from the l i t e r a t u r e t h a t t h e r e may be no 
s i g n i f i c a n t d i f f e r e n c e s i n the r a t e of windthrown d i s t u r b a n c e 
between temperate and t r o p i c a l f o r e s t s . The g r e a t e r d i v e r s i t y of 
s p e c i e s c o l o n i s i n g from the seed bank of t r o p i c a l f o r e s t s may 
t h e r e f o r e be r e l a t e d to other f a c t o r s such as the a v a i l a b i l i t y of 
d i s p e r s a l agents f o r the l a r g e r seed s i z e s r e q u i r e d f o r 
p e n e t r a t i o n of l i t t e r or producing s e e d l i n g s of s u f f i c i e n t s i z e 
and r e s e r v e s to t o l e r a t e a degree of shading. I t may a l s o be a 
r e s u l t of v a r i a t i o n i n the annual l e v e l of f e c u n d i t y a l l o w i n g 
r a r e s p e c i e s to i n c r e a s e i n d e n s i t y ( L e i g h 1982 ) . 
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Appendix 1 ( a ) . The d i s t r i b u t i o n o f s p e c i e s seeds, by d e p t h , i n 
s o i l c o r e s removed f r o m a Japanese L a r c h ( L a r i x l e p t o l e p i s ) 
p l a n t a t i o n i n Morewellham Woods. 
A g r o s t i s spp. 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 X 
L 2 3 1 1 4 1 1.5 
2 12 20 12 18 7 7 21 13 13.8 
4 11 8 6 11 3 9 3 10 7.6 
6 10 8 3 4 5 3 4 3 5.0 
8 12 5 5 1 3 7 1 4.3 
10 5 4 1 2 2 2 1 2 2.4 
12 6 1 1 1 2 1.4 
14 1 1 1 1 0.5 
16 1 1 1 1 0.5 
Carex 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 X 
L 1 1 5 1 6 1.8 
2 1 5 5 1 1.5 
4 1 0.1 
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D i g i t a l i s p u r p u r e a 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 X 
L 1 2 3 2 1.0 
2 2 1 1 1 5 1 1 2 1.8 
4 1 1 1 4 1 1 4 1.6 
6 1 4 3 5 1 4 5 2.9 
8 3 4 3 4 2 3 5 1 3.1 
10 7 4 5 4 6 3 1 3.8 
12 5 3 3 4 1 4 2 2.8 
14 1 1 3 6 3 2 2.0 
16 2 4 1 0.9 
Hypericum p u l c h r u m 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 X 
L 0.0 
2 1 1 1 0.4 
4 1 0.1 
6 3 1 1 1 2 5 2 1.9 
8 1 1 1 5 1 1.1 
10 2 1 1 8 3 1.9 
12 1 1 1 0.4 
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1 2 3 4 5 6 7 8 
3 1 3 2 5 14 9 5 













Species Core Depth 
L 2 4 6 8 10 
B e t u l a 6 1 1 
pubescens 8 5 
L u z u l a 1 1 
s y l v a t i c a 3 1 1 
7 1 
a c e t o s e l l a 2 
Teucrium 
s c o r o d o n i a 
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Appendix K b ) . The d i s t r i b u t i o n o f s p e c i e s seeds, by d e p t h , i n 
s o i l c o r e s removed f r o m a Japanese L a r c h ( L a r i x l e p t o l e p i s ) 
p l a n t a t i o n i n Morewellham Woods. 
Samples removed as p a r t o f t h e Morewellham t r a n s e c t . 
A g r o s t i s spp. 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 3 2 0.6 
2 3 3 2 2 5 1 7 19 4.7 
4 1 3 2 3 4 4 4 6 3.0 
6 4 2 6 6 1 4 2 2.8 
8 2 2 5 1 3 1 1.6 
10 3 4 1 2 1.0 
12 2 1 2 1 2 0.9 
Cardamine h i r s u t a 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 0.0 
2 5 6 1 1 1 1.6 
4 9 5 1 2 1 2.0 
6 3 1 1 2 2 2 1 1.3 
8 6 1 2 1 1 1.2 
10 2 1 3 2 0.9 
12 3 3 0.7 
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C i r s i u m arvense 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 2 2 1 3 1.0 
2 2 3 0.6 
4 1 0.1 
D i g i t a l i s p u r p u r e a 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 0.1 
2 0.0 
4 1 1 2 0.4 
6 1 2 2 2 1 0.9 
8 1 2 1 0.4 
10 3 1 0.4 
12 1 2 0.3 
E p i l o b i u m spp. 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 1 2 2 3 5 2 1.8 
2 2 1 5 3 1 1 3 1 1.9 
4 7 3 1.1 
6 2 1 1 0.4 
8 1 0.1 
10 1 0.1 
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L u z u l a s y l v a t i c a 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 0.1 
2 2 1 1 0.4 
4 1 1 1 0.3 
6 1 0.1 
Rannunculus repens 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 0.1 
2 0.0 
4 1 1 1 1 0.5 
6 3 1 1 1 1 0.8 
8 1 0.1 
10 1 2 3 2 0.9 
12 2 0.2 
Rubus f r u t i c o s u s 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 0.0 
2 1 6 1 1 3 1.3 
4 2 1 0.3 
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Rumex a c e t o s e l l a 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 0.0 
2 1 0.1 
4 1 1 2 0.4 
6 0.0 
8 1 4 0.6 
10 0.0 
12 1 1 4 0.7 
Sagina procumbens 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 0.0 
2 1 2 0.3 
4 1 1 1 1 1 0.6 
6 1 1 2 0.4 
T r i f o l i u m repens 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 0.0 
2 1 1 0.2 
4 2 0.2 
6 1 0.1 
8 1 2 1 0.4 
10 1 1 1 0.3 
12 1 2 0.3 
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s p e c i e s Core Depth 
L 2 4 6 8 10 
A n a g a l l i s 2 2 
a r v e n s i s 
7 1 1 1 1 
8 2 
9 1 
H y a c i n t h o i d e s 7 1 
n o n s c r i p t u s 
Holcus 9 1 
l a n a t u s 
Rumex 
a c e t o s e l l a 
r i v i n i a n a 





Appendix 1 ( c ) . The d i s t r i b u t i o n o f s p e c i e s seeds, by d e p t h , i n 
s o i l c o r e s removed f r o m a Beech ( Fagus s y l v a t i c a ) p l a n t a t i o n i n 
Blanchdown Woods. 
A g r o s t i s spp. 














































Species Core Depth 
L 2 4 6 8 10 12 
L o t u s 2 10 6 1 
c o r n i c u l a t u s 
D i g i t a l i s 2 2 1 
p u r p u r e a 
3 2 
Ranunculus 4 1 
5 2 1 1 
repens 
T r i f o l i u m 4 
5 
re£ens 
E p i l o b i t i m 1 2 
2 3 1 
3 1 
Rubus 3 2 7 
4 2 
f r u t i c o s u s 
L u z u l a 3 1 
5 1 
s y l v a t i c a 
Rumex 3 
a c e t o s e l l a 
Holcus 4 
l a n a t u s 
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Appendix 1 ( d ) . The d i s t r i b u t i o n o f s p e c i e s seeds, by d e p t h , i n 
s o i l c o r e s removed from an oak c o p p i c e s t a n d ( Quercus ) i n 
Wareham Woods 
B e t u l a pubescens. 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 1 7 5 3 4 8 6 7 4.7 
2 3 5 2 2 1.3 
4 2 1 2 1 0.7 
Hypericum p u l c h r u m 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 1 1 1 0.3 
2 1 0.1 
4 2 1 0.3 
6 1 1 1 0.3 
8 1 1 0.2 
Rubus f r u t i c o s u s 
Depth Core Number 
(cm) 1 2 3 4 5 6 7 8 9 X 
L 4 1 2 3 1.1 
2 1 1 1 1 0.4 
4 2 2 0.4 
6 1 1 0.2 
8 1 0.1 
10 1 0,1 
-308-
s p e c i e s Core Depth 
L 2 4 6 8 10 
Carex 5 1 
8 1 
spp. 
D i g i t a l i s 
p u r p u r e a 
E p i l o b i u m 
Juncus 8 1 
9 1 1 
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Appendix 2(a) The number of seeds per core for s p e c i e s 
germinating i n the seed bank t r a n s e c t i n Morewellham Wood. 
Sp e c i e s I I I I I I IV V VI 
Depth 5 10 5 10 5 10 5 10 5 10 5 10 
Core 
1 1 1 1 15 13 3 12 11 
10 1 2 6 12 2 1 5 2 
5 1 4 1 3 9 1 3 
6 1 1 4 1 1 6 9 3 
7 2 1 1 3 2 2 2 3 
8 1 1 4 5 8 
9 1 3 1 4 3 3 
10 1 4 
11 1 1 
12 5 2 1 
13 4 1 
14 4 2 




19 4 1 1 
20 1 14 
21 5 1 4 1 
22 2 
23 1 15 3 
24 1 1 3 
25 2 1 
26 2 1 3 2 1 
27 5 4 1 
28 1 6 1 2 
29 3 
30 1 3 
31 1 2 2 1 2 




36 1 1 
37 1 2 3 
38 1 1 10 1 1 
39 1 1 1 1 1 9 5 2 
X 1.03 0,85 2.64 1.97 3.39 1.62 
s.d 2.05 1.44 3,80 5.2 4.53 2.83 
I - Hypericum pulchrum 
I I - D i g i t a l i s purpurea 
I I I - Rubus f r u t i c o s u s 
IV - Cardamine p r a t e n s i s 
V - Juncus sp, 
VI - Epilobium spp. 
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Appendix 2(b) The number of seeds per core f o r s p e c i e s 
germinating i n the seed bank t r a n s e c t i n Morewellham Wood, 
Sp e c i e s V I I V I I I IX X XI X I I 
Depth 5 10 5 10 5 10 5 10 5 10 5 10 
Core 
1 2 6 9 1 1 4 1 
2 7 3 1 
3 7 1 1 1 1 
4 8 13 1 1 2 
5 4 3 1 1 1 1 2 
6 2 2 11 7 1 4 
7 2 5 2 3 1 3 
8 1 11 1 3 1 2 
9 0 27 4 1 1 2 1 
10 1 29 2 3 
11 16 4 7 4 17 1 1 3 1 
12 9 9 13 1 1 
13 1 2 4 1 2 
14 12 2 1 1 1 
15 7 2 1 1 3 
16 8 6 2 3 
17 1 13 11 1 1 1 
18 27 17 1 1 1 2 
19 20 6 1 1 
20 27 13 3 1 
21 28 5 2 
22 9 6 1 
23 1 12 2 1 4 2 
24 13 1 2 
25 5 1 
26 9 2 
27 2 1 13 5 2 1 1 1 2 
28 14 13 1 1 
29 5 1 
30 1 17 4 1 1 1 
31 12 





37 1 1 2 1 
38 1 35 2 3 1 1 
39 6 3 1 2 
X 1 69 15. 23 1 .05 0.08 0, 69 1 .76 
S.d 4.37 11.12 2.91 0.27 1.00 1.63 
V I I - A n a g a l l i s a r v e n s i s 
V I I I - A g r o s t i s spp. 
IX - Sagina procumbens 
X - Holcus l a n a t u s 
XI - L u z u l a s y l v a t i c a 
X I I - Ranunculus repens 
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Appendix 2 ( c ) The number of seeds per core f o r s p e c i e s 
germinating i n the seed bank t r a n s e c t i n Morewellham Woods 
Spe c i e s X I I I XIV XV Sub t o t T o t a l 
Depth 5 10 5 10 5 10 5 10 
Core 
1 4 1 48 41 89 
2 2 33 22 55 
3 2 1 25 4 29 
4 1 1 20 38 58 
5 1 1 1 21 16 37 
6 3 2 2 2 30 30 60 
7 1 5 21 17 38 
8 1 8 30 8 38 
9 3 2 1 1 49 9 58 
10 1 32 9 41 
11 4 48 13 61 
12 1 1 2 30 15 45 
13 1 1 12 4 16 
14 1 1 21 4 25 
15 1 18 6 24 
16 1 1 3 15 16 31 
17 1 2 13 20 33 
18 1 3 31 23 54 
19 2 25 11 36 
20 1 45 15 60 
21 2 1 39 10 49 
22 12 6 18 
23 1 1 35 8 43 
24 6 27 0 27 
25 1 2 12 0 12 
26 7 2 22 7 29 
27 1 2 1 2 26 18 44 
28 25 14 39 
29 2 11 0 11 
30 9 1 31 8 39 
31 1 18 5 23 
32 1 17 0 17 
33 1 0 1 
34 0 0 0 
35 10 0 10 
36 5 0 5 
37 5 6 11 
38 1 53 5 58 
39 1 22 12 34 
X 0.41 0.72 1 .95 24.05 10.78 34.8: 
s.d 0.99 1.54 2 .40 13.35 10.04 19.7^ 
X I I I - C i r s i u m arvense 
XIV - Rumex a c e t o s e l l a 
XV - T r i f o l i u m repens 
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Appendix 3(a) The number of seeds per core of s p e c i e s 
germinating i n the Blanchdown Beech (Fagus spp.) p l a n t a t i o n 
t r a n s e c t 
S p e c i e s I I I I I IV 
Depth 5 10 5 10 5 10 5 10 5 10 
Core 
1 11 2 3 1 2 3 1 3 2 
2 3 1 7 3 3 3 5 
3 3 4 2 1 8 
4 1 3 1 5 
5 1 5 
6 
7 3 3 
8 4 3 1 6 
9 2 2 
10 2 
11 1 6 
12 1 
13 1 2 3 3 
14 1 4 2 8 
15 3 
16 1 2 
17 1 1 
18 3 1 1 1 3 2 
19 2 1 1 7 1 
20 1 1 3 7 1 
21 1 1 9 
22 1 3 
23 
24 2 6 1 6 2 
25 1 1 2 1 15 1 
26 1 1 5 2 7 1 
27 1 2 2 
28 1 1 1 1 7 
29 1 4 
30 1 1 2 8 













I - T r i f o l i u m repens 
I I - Juncus spp. 
I I I - A g r o s t i s spp. 
IV - L u z u l a s y l v a t i c a 
V - Rubus f r u t i c o s u s 
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Appendix 3(b) The number of seeds per core of s p e c i e s 
germinating i n the Blanchdown Beech (Fagus spp,) p l a n t a t i o n 
t r a n s e c t 
S p e c i e s VI V I I V I I I IX sub t o t T o t a l 
Depth 5 10 5 10 5 10 5 10 5 10 
Core 
1 1 1 20 10 30 
2 6 1 19 7 26 
3 1 17 2 19 
4 7 3 10 
5 2 7 1 8 
6 0 0 0 
7 3 3 6 
8 2 16 0 16 
9 1 5 0 5 
10 2 0 2 
11 1 7 1 8 
12 0 1 1 
13 1 9 1 10 
14 15 0 15 
15 3 0 3 
16 3 0 3 
17 1 3 0 3 
18 7 4 11 
19 10 2 12 
20 11 2 13 
21 11 0 11 
22 3 1 4 
23 0 0 0 
24 8 9 17 
25 18 3 21 
26 11 6 17 
27 2 7 0 7 
28 9 2 11 
29 5 0 5 
30 11 1 12 
31 0 2 2 
X 0.45 7 ,96 1.97 9.81 
s.d 1.18 5 .09 2.68 7,48 
I - T r i f o l i u m repens 
I I - Juncus spp, 
I I I - A g r o s t i s spp, 
IV - L u z u l a s y l v a t i c a 
V - Rubus f r u t i c o s u s 
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Appendix 4. The number of seeds per core of s p e c i e s 
germinating i n the Carthamartha seed bank t r a n s e c t . 



















































































































I I I 
STONE 
IV VI V I I 
6,23 0.84 1,40 




A g r o s t i s spp. 
























































Appendix 5 ( a ) . The number of seeds per core 
germinating i n the Wareham Wood seed bank t r a n s e c t . 
S p e c i e s I I I I I I IV V VI T o t a l 
Core 
1 2 1 1 4 
2 0 
3 1 1 
4 0 
5 1 1 
6 0 
7 1 1 
8 1 1 
9 1 1 
10 1 1 
11 1 1 
12 2 2 
13 1 1 
14 0 
15 1 1 
16 1 1 2 
17 0 
18 1 2 3 
19 1 2 1 4 
20 1 1 
21 0 
22 4 1 5 
23 1 1 2 
24 2 2 
25 1 1 
26 6 4 2 12 
27 1 2 3 
28 2 1 6 9 
29 3 3 
30 1 1 
continues i n 7(b) 
I - Rubus f r u t i c o s u s 
I I - Hypericum pulchrum 
I I I - B e t u l a pubescens 
IV - Epilobium spp. 
V - L u z u l a s y l v a t i c a 
VI - A g r o s t i s spp. 
316-
Appendix 5(b) The number of seeds per core 
germinating i n the Wareham Wood seed bank t r a n s e c t 
S p e c i e s I I I I I I IV V VI T o t a l 
Core 
31 1 1 
32 2 1 3 
33 1 3 4 
34 1 1 
35 2 1 3 
36 0 
37 0 
38 1 1 
39 3 2 5 
40 0 
41 1 1 
42 0 
43 1 2 1 4 
44 9 1 10 
45 1 4 5 
46 3 1 1 5 
47 0 
48 1 1 
49 1 1 
50 0 
51 4 4 
52 8 1 9 
53 7 7 
54 3 2 1 6 
55 1 1 
56 0 
57 1 1 
58 1 1 
59 1 4 1 6 
60 3 3 1 7 
X 0.88 1.27 0.08 0.08 0.08 0.15 2.5 
S.d 1.56 1.68 0.28 0.28 0.33 0.80 2.8 
I - Rubus f r u t i c o s u s 
I I - Hypericum pulchrum 
I I I - B e t u l a pubescens 
IV - Epilobium spp. 
V - L u z u l a s y l v a t i c a 
VI - A g r o s t i s spp. 
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Appendix 6. The number of seeds per core f o r s p e c i e s 
germinating i n the r i d e seed bank t r a n s e c t . 
S p e c i e s I I I I I I IV V VI V I I 
Core 
1 
2 3 5 
3 3 3 
4 1 2 2 
5 3 3 
6 3 5 
7 6 2 
8 1 16 3 2 1 
9 1 8 1 
10 7 2 3 
11 1 1 1 
12 11 1 1 1 
13 14 4 2 
14 11 10 2 2 1 
15 8 3 5 2 1 
16 2 1 2 1 2 
17 62 2 6 1 
18 55 17 7 4 
19 13 15 1 4 
20 1 1 
21 7 2 
22 3 5 
23 20 1 1 
24 7 24 5 
25 4 4 
26 1 12 2 1 
27 1 12 
28 11 16 1 
29 3 5 
30 3 3 
X 5.6 4.8 3.6 1.2 0.3 0.1 0.2 
s.d 15.0 5.0 5.1 1.7 
I - Juncus spp. 
I I - Rubus f r u t i c o s u s 
I I I - Hypericum pulchrum 
IV - L u z u l a s y l v a t i c a 
V - O x a l i s a c e t o s e l l a 
VI - Carex spp, 
VI - A g r o s t i s spp. 
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A MODEL DESIGNED TO PRODUCE A STAND OF COPPICE TREES OF 
REQUIRED GIRTH CLASS DISTRIBUTION 
Tr)i5 model i s designed t o produce a stand o f coppice t r e e s t o be 
used by the program TREFAL. i n s i m u l a t i n g t n e developement o f a 
s e l f t h i n n i n g woodland. The t r e e s are p o s i t i o n e d u j i t h i n 3 170*H70 





CONTAINS THE PARAMETERS DESCRIBING THE REQUIRED 
WOODLAND STAND DISTRIBUTION 
a) THE NUMBER OF GIRTH CLASSES. (NOC) 
b) THE SMALLEST CLASS SIZE (cm) 
c) THE CLASS INCREMENT (cm). 
d) NOC FREQENCY CLASSES. 
CONTAINS THE TREE ARRAY POSITIONS.GIRTHS 
AND CANOPY RADII 
INTEGER TREXY(130,2), N0TC(20) 
REAL TRERC(130. 2).RADC<20) 
OPENO. FILE= 'TDATA' ) 
READ NUMBER OF CLASSES 
READO. 10)NaC 
FORMAT<12) 
READ SMALLEST GIRTH CLASS 
READO. 20)SC 
FORMAT(F6 2) 
READ THE CLASS UIDTH 
READO* 30)RINC 
FORMAT<F6 2) 
READ CLASS FREQUENCIES 
DO 100 1=1,NOC 





CALCULATE THE GIRTH SIZE FOR EACH CLASS 
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PROGRAM UODDLND 
DO 110 IB=l,NOC 
RADC< I 3 ) = (SC+(RINCiHB)-RINC/2. 00) 
110 CONTINUE 
« 
» POSITION OF THE FIRST TREE AGAINST WHICH THE 




TRE<Y(I. 1) = I< 
TRE<Y<1. 2) = i y 
TRERC(1. 2)=0 O 
TRERC<1. 1)=0 O 
13=1 
» 
* CALCULATE THE SCALE FACTOR RELATING GIRTH TO 
* CANOPY AREA. 
* 
CALL SCALE < RADC•NQC.NOTC. SCA) 
» 
» CALCULATE THE POSITIONS OF THE REQUIRED NUMBER OF TREES. 
» ENSURING THERE IS NO OVERLAP OF CANOPIES. 
•ft 
DO 150 I1=N0C> 1. -1 
DO 140 12-1.NOTC<II) 
120 IX=LN<170) 
IY=LN(170) 
TCANR=SCA»RADC ( I D 
CALL CHECKCK. IY» TCANR. TREXY. TRERC. 13. IFLAG) 
IF( IFLAG. EQ. OTHEN 
ico=ica+i 
I F ( ICQ. EQ. lOOOTHEN 
ICO=0 
CALL SCAN(TCANR. TREXY. TRERC. 13. IK. l Y ) 
I F ( I X EQ -1)THEN 








TREKYi13. t ) = I X 






» FILE THE TREE POSITIONS.GIRTHS. AND CANOPY RADII. 
OPEN(6.FILE='TREES') 
DO 131 I 10=1. 13 
WRITE<4. 133)TRE)(Y< 13. 1 ), TREKYC 13. 2 ) , TRERC( 13. 1). TRERC(I3. 2) 









« CALCULATE A RANDOM NUMBER FROM 1 TO N 
» 






» SUBROUTINE TO CALCULATE THE SCALE FACTOR RELATING 



















» CHECK FOR OVERLAP 
« 
SUBROUTINE CHECK(I%, lY.TCANR, TREXY,TRERC* 13, IFLAG) 
INTEGER TREXY(130.2) 
REAL TRERC(150< 2) 
IFLAG=1 
00 400 14=1. 13 












» CHECK FOR EMPTY SPACES IN THE ARRAY. 
•» 
SUBROUTINE SCAN<TCANR.TREXY.TRERC 13.IX.lY) 
INTEGER TREXY(130. 2) 





DO 300 I3=IYY,170 
DO 600 16=1 )CX. 170 
CALL CHECK( 16. 13. TCANR. TREXY, TRERC. i r j , IFLAG) 







DO 700 17=1.lYY 
DO 800 IS=1.IXK 
CALL CHECK(IS. 17. TCANR. TREXY. TRERC. 13, IFLAG) 












Appendix 8. CONBANK The coppice stand seed bank s i m u l a t o r 
PROGRAM CONBANK 
» AUTHOR CHRIS DARBY 
« PLYMOUTH PLOYTECHNIC 
* ECOLOGY RESEARCH 
•ft 
« DATE 29/1/86 
•ft 
ft 
» A PROGRAM TO SIMULATE THE HYPERICUM PULCHRUM SEED 3ANK 
* BENEATH A STAND OF YOUNG COPPICE TREES. 
« 
• f t 
ft- This program i s designed t o b u i l d a seed b^nk of knoun 
ft seed d e n s i t g . by r e p e a t e d l y superimposing a measured seed 





ft C. BANKl.C BANK2 - CONTAIN THE 170ftl70 ARRAY GRID OF 








ft SCALAR X 
» 
K=A 
• f t 
• f t 
ft ENSURE THAT EACH ARRAY POSITION HAS AN INITIAL 
ft DENSITY OF ZERO SEEDS 
DO 50 J l = l . 170 




ft SET THE DISTRIBUTION PATTERN PARAMETERS 
IADD<l)=INT(l*X) 
IADD(2)=INT(3*X) 
IADD<3) = IN T ( 1 H K ) 
IADD(4)=INT(31ft<) 
IADD(3> = INT(S3«]C) 
IADD(6)=INT(232«X) 
IADD(7)=INT(630»X) 
DO 100 11=1.20000 
DENS=0. O 
» CHECK THE DENSITY REACHED. 
323 
DO 600 110=1.170 
DO 700 111=1.170 




* I F THE REQUIRED DENSITY IS EXCEEDED STOP. 





DO 200 12=1.6 
DO 300 I 3 = I Y - < 7 - I 2 ) , I Y + ( 7 - i a ) 
IF(13. GT. 170 OR 13 LT 1 ) THEN 
GOTO 300 
END IF 
DO 400 I 4 = I X - ( 7 - l 2 ) . I ) C i - < 7 - I 2 ) 







I F ( I Y L E 170. AND. lY. GE. 1 )THEN 
I F d X LE 170. AND. IX. GE. 1 )THEN 




» FILE THE FINISHED RESULTS. 
800 0PEN(6.FILE='C. 3ANK3 ' ) 













Appendix 9 ( a ) , TREFAL The coppice stand s i m u l a t i o n model 
» PROGRAM TREFAL 
« »»««««•»«-*««««-» 
» AUTHOR. CHRIS DAR3Y 
» PLACE PLYMOUTH POLYTEHCNIC 
» ECOLOGY RESEARCH 
« 
« DATE 29/1/86 
» LANGUAGE FORTRAN 77 
» A STOCHASTIC SIMULATION MODEL OF A HYPERICUM PULCHRUM SEEDBANK BENEATH A 
» COPPICE WOODLAND. SUBJECTED TO A RANDOM WINDTHROWN TREFAL DISTURBANCE 
» 
* Tnls s i i n u L a t i a n i s designed to f o l l o u i t h e changes t a k i n g p l a c e i n 
« a s e l f t h l n n i n g stand of coppice t r e e s . The parameters and r a t e 
« equ.ations a re d e r i v e d from measurements taken i n the Oak (QUERCU5 sp) 
» coppice uoods of tne Tamar Valley< on t^e Devon - Cormuall county 
» doundary. 
« 
* MAIN PARAMETERS 
» 
» ISA- INITIAL WOODLAND AGE 
» INY- NUMBER OF YEARS THE MODEL IS TO RUN 
» DECR- SEED3ANK DECAY RATE (FRACTION/YEAR) 
» IFFR- WINDTHROW RATE (NUMBER/10000 YEARS) 
» IFTH- SELF THINNING RATE (NUMBER/100 YEARS) 
» TH- THRESHOLD VALUE FOR THE NUMBER OF SEEDS ON A TREEFALL 
* REQUIRED TO PRODUCE ONE MATURE PLANT. 
» INPUT FILES-
» 
» TREES - CONTAINS THE TREE POSITIONS CREATED 3Y THE 
» PROGRAM "WOODLAND" 
» C BANKl.C. 3ANK2 - CONTAIN THE INITIAL SEED BANK PATTERN 
« GENERATED BY CONBANK. 
« OUTPUT FILES-
* RUN. RES - CONTAINS THE FIVE YEARLY CHANGES IN GROWTH 
« OF THE STAND PARAMETERS. AND THE RESULTS OF 
* THE DENSITY DEVELOPEMENT. 
* GCLASS - THE GIRTH DITRI3UTI0N MEASURED AT TEN YEAR 
* INTERVALS. 
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• F TREES - THE REMAINING TREE POSITIONS. 
» 
• FALL DATA - THE PARAMETERS DESCRIBING THE TREEFALL INPUTS 
« . TO THE S O I L SEED3ANK. 
« 
» TREP - THE TREEFALL POSITIONS AND GIRTHS 
* 
ff BAN. RES1 - THE FINAL SEED 3ANK. 
» BAN. RES2 
* 
» TREFAL u s e s the NUMERICAL ALGORITHMS GROUP s u a r o J t l n e s 
« 
» G05CBF(X) - To produce r e p e . a t a a l e s t o c h a s t i c v a l u e s 
» GOSCCFCX) - To produce n o n - r e p e a t a b 1e s t o c h a s t i c v a l u e s . 
» G03CAF(X) - To g e n e r a t e random nuinbers tuit?» an even d i s t r i b u t i o n of 
» r a n g e 0 - 1 
» G05DDF(A. 3) - To g e n e r a t e random v a l u e s uiith a normal d i s t r i b u t i o n 
» of mean A«and s t a d a r d d e v i a t i o n 3. 
» 
* CONTROL SECTION 
» ««««««•»«««•»«««««« 
COMMON /ARRAYS/TREAR(2. 120)•GIRTH<120), 3ANK(170, 170) 
INTEGER TH. I T F , TREAR* 3ANK. T R E F P O . 13), STAND( 30, 3 ) , IFFR. I THIN 
INTEGER GTHCLOO, 4 1 ) , TCLAS( 30) • ERR* IFTH- I F C , IRFAC(30. 9 ) 
REAL GIRTH, TREFG< 13), MDENSOO) • MGIR( 3 0 ) . S R E S ( 2 , 50), EONS(20, 10) 
CHARACTER A»200.8*200.C»130.D»l30.E»130.F»20 
rOBUFFER=230 




* READ THE TREE STAND DISTRIBUTION FROM STORAGE 
» 
OPEN(FILE='TREES'. UNIT=3) 
DO 100 11=1,300 
READ(3.300, IQSTAT=ERR.END=200)TREAR(1, I I ) . T R E A R ( 2 , 11) , GIRTH<11)•DUM 
300 FORMAT ( 2 ( 14, 3X ) . 2 (FB. 3) ) 
I F ( E R R NE 0)THEN 
PRINT*.'ERROR IN READING TREES F I L E ' 
CL0SE<5) 
STOP 




READ IN THE SEEDBANK DATA 
OPEN(3.FILE='C. 3ANK1') 
R E A D ( 3 . 2 3 0 , I 0 S T A T = E R R ) ( ( 3 A N K ( I R l , I R 2 ) . I R 2 = 1 , 8 3 ) , I R 1 = 1 , 1 7 0 ) 
I F ( E R R NE 0)THEN 
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PRINT*. 'ERROR IN READING C. 3ANKI' 
C L Q S E O ) 
STOP 
END I F 
C L O S E ( 5 ) 
OPEN( 5. F I L E = 'C. 3ANK3' ) 
READO.230. IOSTAT=ERR ) < (3ANK< IR3, I R 4 ) , IR4=86, 170)» IR3 = l , 170) 
IF<ERR NE OTHEN 
PRINT*. 'ERROR IN READING C. 3ANK3' 
C L O S E O ) 
STOP 
END I F 
C L O S E O ) 
•250 F0Rf1AT<83I4) 
-» 
» OPERATOR CONTROLLED PARAMETERS 
» «»«««««»*»«*«»*»«»»»««»»*»««»« 
» 
» STARTING AGE 
* 
ISA=33 
» NUM3ER OF YEARS TO RUN 
INY=200 
* DECAY RATE 
DECR=0,960 
» FALL PROBABILITY (INTEGER<10,000) 
IFFR^aOS 
•» 
» THINNING PR03ABILITY <INTEGER<100) 
IFTH=41 
* THRESHOLD FOR THE NUMBER OF SEEDS NEEDED TO PRODUCE ONE PLANT 
TH=0 





» START OF THE ANNUAL LOOP 
* «««*•»««*«»««*«**««««*««•» 
« 
» RUN FOR INY YEARS STARTING AT ISA YEARS OF AGE 
DO 400 I2=ISA.INY+ISA 
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* FOR EACH YEAR CALCULATE I F A TREE FALLS 
CALL Q F A L L ( I F F R . I T F ) 
» I F SO CALCULATE THE SEED INPUT PARAMETERS 
• 
I F d T F EQ DTHEN 
IFC=IFC+1 
CALL THROW( INOT. IRFX, IRFY. G) 
T R E F P d , I F C ) = IRFX 
T R E F P ( 2 , I F C ) = I R F Y 
T R E F P ( 3 . I F C ) = I 2 
T R E F G ( I F C ) = G 
CALL REPFAC(IRF<, IRFY. G. I F C I R F A C E Q N S ) 
END I F 
fl-




» I F SO REMOVE I T 
«• 
I F ( ITHIN. EQ. DTHEN 
CALL THIN(INOT) 
END I F 
« 
» SET LOWER L I M I T FOR TREE DENSITY 
fl 
I F ( INOT. LT. 10)THEN 
GOTO 430 
END I F 
« 
« INCREASE TREE GIRTH ANNUALY 
CALL GRaWTH<GIRTH> INOT,GMEAN) 
» 
» DECAY THE SEEDBANK ANNUALY 
CALL DECAY(DECR.DENS) 
« 
ft INCREASE SEED BANK AROUND THE TREEFALLS ANNUALY 
fl-
I F d F C GT 0)THEN 
CALL AUGMNT(IRFAC* EONS. TH, I F C ) 
END I F 
•R-
» EVERY 10 YEARS STORE THE TREE GIRTH DISTRIBUTIONS 
«• 
IDD=INT(I2/10)«I0 
I F d D D EQ 12 OR 12 EQ ISA)THEN 
CALL TDISTN(TCLAS, INOT) 
GTHCL<ITG.1)=I2 
DO 285 J l = 2 . 4 0 
GTHCLdTG. J l )=TCLAS( J l ) 
283 CONTINUE 
ITG=ITG+1 
END I F 
328-
« EVERY 3 YEARS STORE -
» AGE* NUMBER OF TREES STANDING. NUMBER OF TREEFALLS-
* MEAN GIRTH OF THE STAND.AND SEED3ANK DENSITY (PER M*»2) 
* 
IC=INT(I2/3)»5 








S R E S ( 1. IN:3)=MEAN 
SRES(2.IN3}=SD 
END I F 
• f t 
» CHECK THE SEED 3ANK DENSITY TO S E E I F SEEDS REMAIN 
fr 
IF(DENS. EQ. - I . 0E-10)THEN 
GOTO 430 
END I F 
400 CONTINUE 
» 
» END OF ANNUAL LOOP 
•» 
» F I L E THE FINAL TREE POSITIONS 
450 0 P E N ( 6 . F I L E = ' F . TREES') 
D=' X-AXIS Y-AXIS GIRTH' 
WRITE(6.410)D 
410 F0RMAT(A73) 
DO 420 J5=l> INOT 
UR I T E ( 6 . 4:30) rREAR( 1, J 3 ) , TREAR<2, J 3 ) . GIRTH ( ) 
430 F0RMAT(2X.2(14.aX).F7 2 ) 
420 CONTINUE 
C L 0 S E ( 6 ) 
» 
» F I L E THE FALLEN TREE GIRTHS AND POSITIONS 
* 
0 P E N ( 6 . F I L E = ' T R E P ' ) 
DO 800 17=1,IFC 
lJRITE(-b. a30)TREFP< I . 17). TREFP(2. 17) . T R E F P ( 3 . 17 ) , TREFG( 17) 
850 F 0 R M A T ( 3 ( I 3 . 5 X ) . F 7 2 ) 
1900 CONTINUE 
CL O S E ( 6 ) 
fl-
» F I L E THE FINAL SEEDBANK 
» 
0PEN(6.FILE='BAN. R E S l ' ) 
WRITE (6. 1100) ( (3ANK( 101. 102), 102=1.83). 101 = 1. 170) 
C L 0 S E ( 6 ) 
0PEN(6.FILE='BAN. RES2') 
W R I T E ( 6 , 1 1 0 0 ) ( ( 3 A N K ( 1 0 3 . 1 0 4 ) . 1 0 4 = 8 6 . 1 7 0 ) , 1 0 3 = 1 , 1 7 0 ) 























F I L E THE WOODLAND DEVELOPEMENT PARAMETERS. 
OPEN(6.FILE='RUN. RES3') 
WRITE(6*1106)TH 
W R I T E ( 6 , 1 1 0 7 ) I F F R 
W R I T E ( 6 , 1 1 0 8 ) I F T H 
FORMAT<'TH='.18) 
FORnAT('IFFR='. 18) 
FORMAT( '1FTH=', I S ) 
A=' WOODLAND NO TREES NO FALLS MEAN 
1 VARIANCE' 





DO 1200 113=1.IN3 
WRITE(6. 1300)STAND(113. 1 ) . STAND(113. 2 ) . STAND(I 1 3 . 3 ) . M 6 I R ( 1 1 3 ) . 
1 MDENSd 13). S R E S C l . 113). S R E S ( 2 . 113) 
FORMATdX. 14. 8X. 14. ax. 14. 7X. F6 2. 3X. F7. 2. 3X. F7. 2. 3X. F9 2 ) 
CONTINUE 
C L a S E ( 6 ) 
F I L E THE DATA TO CHECK THE TREFALL INPUT 
aPEN(6.FILE='FALL. DATA') 
WRITE (6. 1400) < ( IRFAC( 114. 113), I13='l. 9 ) * 114=1. I F C ) 
F0RMAT(9(4X,14)) 
WRITE (6. 1401) ( ( E Q N S d 141. I 1 31 > . 11 31 = 1. 10 ) > 11 4 1 = 1. I F C ) 
F0RMATd0<4X. F8 3) ) 
C L 0 S E ( 6 ) 
F I L E THE GIRTH CLASS DISTRIBUTION CHANGES 
C='AGE 20 30 40 30 60 70 80 90 100 110 120 130 140 130 160 
1 170 ISO 190 200' 
E='AGE 210 220 230 240 230 260 270 2Q0 290 300 310 320 330 340 330 
1 360 370 380 390 400' 
F= ' GIRTH CLASSES ' 
0PEN(6.FILE='GCLASS') 




WRITE<6> 292)(<GTHCL(J2, J 3 ) , J 3 = l . 2 0 ) , J 2 = 1 , I T G ) 
FaRMAT<20d3. I X ) ) 
WR I T E ( 6 . 2 9 1 ) E 
DO 293 IC3=1.ITG 
WRITE(6, 2 9 4 ) G T H C L d C 3 . 1 ) . <GTHCL(IC3. I C 4 ) , IC4=21,40) 
F 0RMAT(21d3. I X ) ) 
CONTINUE 







» CALCULATE I F A TREE FALLS IN THE YEAR 
* USING THE FALL RATE IFFR 
« 
SUBROUTINE Q F A L L ( I F F R . I T F ) 
INTEGER IFFR. IW2, I T F 
IU2=LM(iOOOO) 
I F ( I W 2 LT IFFR)THEN 
ITF=1 
E L S E 
ITF=0 




» CALCULATE I F A TREE I S TO BE THINNED 





IF(N4. LT. IFTH)THEN 
ITHIN=1 
E L S E 
ITHIN=0 




* CHOOSE THE S I Z E AND COORDINATES OF THE TREEFALL AND REMOVE I T FROM STORAGE 
* 
SUBROUTINE THROWdNOT- IRFX, IRFY.G) 
COMMON /ARRAYS/TREAR(2. 120>.GIRTH(120), 3ANK(170. 170) 
INTEGER TREAR.BANK 
REAL GIRTH 













» SELECT THE TREE TO BE THINNED FROM THE DISTRIBUTION 
* ( P R O B A B I L I T I E S 30:23: 13: lOX) 
« 
SUBROUTINE THIN(INOT) 




» FIND THE SMALLEST TREE CLASS 
GS=GIRTH(1) 
IFLAe=0 
DO 600 14=2,INOT 
6SX=GIRTH(14) 
I F ( G S . GT. GSX)THEN 
GS=GSX 
END I F 
600 CONTINUE 
ISGC=INT(6S/10. O) 
« CALCULATE THE CLASS FROM WHICH THE TREE I S REMOVED. 
630 IC1=LM(100) 
I F d C l LT 30)THEN 
CALL FINDdSGC. INOT. IFLAG) 
END I F 
I F d C l GE 30 AND. IC 1. LT. 75 ) THEN 
ISGC=ISGC+l 
CALL FINDdSGC. INOT. IFLAG) 
END I F 
I F d C l GE 73 AND. I C I . LT. 90) THEN 
ISGC=ISGC+2 
CALL FINDdSGC, INOT. IFLAG) 
END I F 
I F d C l GE 90)THEN 
IS6C=ISeC+3 
CALL FINDdSGC. INOT. IFLAG) 
END I F 
i F d F L A G . EO. 0)THEN 
GOTO 630 
END I F 




CALL SHUFLEdNOT. IFLAG) 
RETURN 
END 
» LOCATE TREES TO BE THINNED 
» 
SUBROUTINE FI N D d S G C . INOT. IFLAG) 
COMMON /ARRAYS/TREAR(2, 12 0 ) . G I R T H ( 1 2 0 ) . 3ANKd70. 170) 
INTEGER TREAR. BANK 
REAL GIRTH 
DO 610 IL1=1.INOT 
I G C F = I N T ( G I R T H ( I L l ) / 1 0 . O) 
I F d G C F . EQ. ISGOTHEN 
IFLAG=IL1 





* AFTER THINNING OR TREEFALL REMOVE EMPTY SPACES FROM THE ARRAYS 
SUBROUTINE S H U F L E d N l . IN2) 
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COMMON /ARRAYS/TREAR<2. 1 2 0 ) . G I R T H ( 1 2 0 ) . 3ANK(170. 170) 
INTEGER TREAR.BANK 
REAL GIRTH 
DO 700 I 3 = I N 2 , I N l - 1 
TREARC1, I3)=TREAR(1. I 5 f 1 ) 
TREAR(2, I3)=TREAR(2, 13+1) 
GIRTH(13>=GIRTH(13+1) 
700 CONTINUE 
TR E A R ( 1 , I N I ) = 0 
T R E A R ( 2 . I N I ) = 0 




ANNUAL INCREASE OF GIRTH 





DO 300 13=1,INOT 
GTOT=GTOT+GIRTH(13) 




END I F 
» LARGEST GIRTH 
IF(GG. GT. 3G)THEN 
BG=GG 
END I F 
500 CONTINUE 




DO 310 IG=1,INOT 
GC=GIRTH(IG) 
D=GC-SMG 
» INDIVIDUAL GROWTH 





» SUBROUTINE TO PRODUCE ANNUAL DECAY OF SEEDBANK 
SUBROUTINE DECAY(DECR.DENS) 




DO 1001 132=1,170 
DO 1002 133=1.170 




» MEAN SEED DENSITY OF THE TOTAL SEEDBANK 
DENS=DENS/(31»51) 
» DECAY VALUES >8 BY THE MEAN DECAY RATE 
» DECAY VALUES <8 BY PROBABILITY OF DECAY 
DO 900 18=1.170 
DO 1010 19=1.170 
I F ( B A N K ( I 8 . 19). EQ. O)THEN 
IDUM3=LM(10) 
GOTO 1010 
E L S E IF<BANK(18. 19) GT B)THEN 
OANK(18.I9)=IDECYM(0ECR.aANK(18.19)) 
E L S E 
B A N K ( I B . I 9 ) = I D E C Y R ( D E C R . B A N K ( I S . 1 9 ) ) 






» MEAN DECAY 
* 






« RANDOM DECAY 
* 




I F (PR GE N7-12) THEN 
M=L-1 
E L S E 
M=L 





< SUBROUTINE TO PRODUCE THE SEEDBANK INPUT MATRIX 
» 
SUBROUTINE REPFACdX. l Y . G. I F C . IRFAC.EGNS) 
REAL EaNS(20.10) 
INTEGER I R F A C ( 2 0 . 9 ) 
« LENGTH OF TIME FOR WHICH THE GAP I S OPEN 
I R F A C < I F C 1)=INT(10**(a.708E-3»G+0.924)) 
I R F A C ( I F C 2)=0 
» TREEFALL COORDINATES 
I R F A C ( I F C . 3 ) = I X 
I R F A C ( I F C . 4 ) = I Y 
• DISTURBANCE DIMENSIONS 
H=2«(0 5923*0+20.873) 




I R F A C ( I F C . 3) = I N T ( I H T / 2 ) 
IRFAC<IFC.6)=INT<IW/2) 
I R F A C ( I F C . 7 ) = I H T - Z R F A C < I F C . 3 ) - l 
I R F A C d F C . a) = IW-IRFACdFC, 6 ) - l 
» LOWER L I M I T OF GIRTH PRODUCING INPUT 
I F ( G . LT. 76)THEN 
IRFAC<IFC,9)=0 
DO 1111 1X1=1.10 
EQNS(IFC. I X l ) = 0 . 0 
n i l CONTINUE 
E L S E 
» ON THE DISTURBANCE 
EQNS(IFC. I ) = <121. 0-0 512»G)»(9.0/100. O) 
EQNSdFC. 6)= 8 2 26*9. 0/100.0 
» INPUT AT EDGE 
EQNS< I F C . 2) = (248. 0-0 773»G)*(9. 0/100. O) 
EQNSdFC. 7) = 113. 2»9. 0/100. 0 
» 30 CM FROM EDGE 
EQNS( I F C . 3) = (203. 0-0 773»G)»(9. 0/100. O) 
EQNS<IFC.8)=199. aft9. O/IOO. O 
* 60 CM FROM EDGE 
EQNS<IFC.4) = (0 0+0. 377»G)»(9. 0/100. O) 
EQNSdFC. 9)=33 74»9. 0/100. O 
* 90 CM FROM EDGE 
EQNSdFC. 3) = (49. 3+0. 029»G)»(9 0/100 O) 
EQNSdFC. i0) = 8 4 . 26»9 0/100 O 
I R F A C d F C i 9)=0 




* FUNCTION TO PRODUCE A RANDOM INTEGER FROM AN EVEN 
» DISTRIBUTION OF RANGE 1 - N 
« 








» FUNCTION TO CALCULATE A RANDOM NUMBER FROM A DISTRIBUTION OF 
* MEAN Al AND STANDARD DEVIATION B l THE FUNCTION RETURNS ALL 
« GENERATED VALUES WHICH ARE CO. 0 AS 0 O 
fl 
REAL FUNCTION R N ( A l . B l ) 
REAL«B A2.02.X»G03DDF 




I F ( B l L E 0. 0)THEN 
RN=0. O 
E L S E 
I F ( A 1 LT O. 0)THEN 
RN=0. O 
•335-
E L S E 
I F ( X . LE. O 0)THEN 
RN=0 O 
E L S E 
RN=REAL(X) 
END I F 
END I F 
END I F 
RETURN 
END 
» SUBROUTINE TO INCREMENT THE SEED 3ANK AROUND THE TREEFALLS 
» 
•a-
SUBROUTINE AUGMNTdRFAC. EONS. TH, I F C ) 
COMMON /AflRAYS/TREAR(3, 120) • G I R T H d 2 0 ) , 3ANKd70. 170) 
INTEGER TH. IFC.TREAR.3ANK. I R F A C ( 2 0 . 9 ) 
REAL GIRTH.EONS(20. 10) 
« FOR EACH FALLEN TREE 
DO 1500 116=1.IFC 
» CALCULATE I F THE GAP I S CLOSED 
1SEP=IRFAC(I16. l ) - I R F A C d l 6 . 2 ) 
I F ( ISEP. GT. 0)THEN 
U ( F = I R F A C ( I 1 6 . 3 ) 
I Y F = I R F A C d l 6 . 4) 
I Y l = I R F A C d l 6 . 3) 
I X l = I R F A C d l 6 . 6) 
I Y 2 = I R F A C d l 6 . 7) 
I X 2 = I R F A C d l 6 . 8) 
« I F SEED INPUT HAS NOT OCCURED PREVIOUSLY THEN 
* CHECK I F THE THRESHOLD I S EXCEEDED 
I F ( I R F A C d l 6 . 9 ) . LT. 1 ) THEN 
SUMTH=0. O 
DO 1510 J 4 = I Y F - I Y 1 . I Y F + I Y 2 
IF< J4. GE. 1 AND. J4. LE. 170)THEN 
DO 1320 J 3 = I X F - I X 1 . K F + I X 2 
I F ( J 5 GE LAND J 5 L E 170)THEN 
SUMTH=SUMTH+(3ANK(J4. J3)«0. 3) 
END I F 
1520 CONTINUE 
END I F 
1510 CONTINUE 
IFCSUMTH GE REAL<TH))THEN 
I R F A C d l 6 . 9)=1 
END I F 
END I F 
* I F THE THRESHOLD HAS BEEN EXCEEDED THEN INPUT SEEDS 
I F d R F A C d l 6 , 9 ) . EQ. DTHEN 
« 
» SEED ON DISTURBED AREA 
« 
DO 1600 I 1 7 = I Y F - 1 Y 1 . I Y F + I Y 2 
I F (11 7. GE. 1 AND. 117. LE. 170) THEN 
DO 1700 I 1 S = I X F - I X 1 . I X F + I X 2 
I F ( I 1 8 GE LAND 118. LE. 170) THEN 
B A N K d l 7 . I i a ) = 3 A N K d l 7 . 118) 
1 +NINT(RN<EONS(116. 1 ) . E Q N S d l 6 . 6 ) ) > 
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END I F 
1700 CONTINUE 
END I F 
160O CONTINUE 









EQNS(116. 6 + 1 2 1 ) ) ) 
AT 30, 60 & 90 CM 
DO 2000 121=1.4 
DO 2100 I 2 2 = I Y F - ( I Y 1 + I 2 1 ) . I Y F + ( I Y 2 + I 2 1 ) 
I F ( I 2 2 . GE. LAND. 122 L E 170)THEN 
DO 2200 I 2 3 = I X F - ( I i ( l + I 2 1 ) , I X F + ( I X 2 + I 2 1 ) 
I F ( I 2 3 . GE. LAND. 123 L E 170) THEN 
I F ( 122. GE. I Y F - ( I Y 1 + I 2 1 - I ). AND 122. LE. I YF+( IY2+I21-1 >. AND 
1 123. GE. I< F - ( IX1+I21-1 ). AND 123. 
BANK(122. I23)=BANK<122- I 2 3 ) + 0 
E L S E 
BANK(I22, I23)=BANK(122. 
1 NINT(RN<EQNS(I 16. 1 + 121) 
END I F 
END I F 
CONTINUE 
END I F 
CONTINUE 
CONTINUE 
E L S E 
CALL RRANDdYF. l Y l , IY 2 . IXF. I X l , l O ) 
END I F 
I R FAC(116.2) = IRFAC(116. 2 } + l 









DO 2300 J 6 = l . 3 0 
T C L A S ( J 6 ) = 0 
CONTINUE 
DO 2400 J7=l.INOT 
IGTH=INT(GIRTH(J7)/10) 




AT 3 YEAR INTERVALS A SAMPLE OF 30 ARRAY UNITS I S SELECTED 
TO PRODUCE A SAMPLE MEAN AND STANDARD DEVIATION. 
SUBROUTINE SAMPLE<MEAN.SD) 
COMMON /ARRAYS/TREAR(2.120) 


















* SUBROUTINE TO ENABLE THE PROGRAM TO BE REPEATABLE 
« 
SUBROUTINE RRAND( l Y F . l Y L IY2. IXF, I X l . 1X2) 
DO 2600 I C 5 = I Y F - ( I Y l + 4 ) . i y F + ( I Y 2 + 4 ) 
I F ( ICS. GE. 1. AND. I C S L E 170)THEN 
DO 2700 I C 6 = I X F - ( I X l + 4 ) . I X F + ( I X 2 + 4 ) 
I F ( I C 6 GE LAND IC6. LE. 170)THEN 
DUM=RN( 1. O. 1 O) 
END I F 
2700 CONTINUE 





Appendix 9 ( b ) . RUN.RES The coppice stand development parameters 
produced by TREFAL 
TH^ 
l F F a = 
I F r H = 
O 
3 9 
JDGDLAND NO r R £ E S NO F A L L S MEAN PIEAN BANK S A M P L E V A R l A N C E 
. - G E P E R 5 0 >IS0 PER 5 0 n s Q G I R T H D E N S I T Y / M S Q MEAN 
755 I 17 0 5 5 . 0 9 9 9 9 . 3 2 1 0 1 3 . 0 0 4 0 5 4 9 9 . 5 0 
4 0 1 16 0 59 . 5 3 7 0 8 . 0 5 5 2 3 . 0 0 5 5 6 5 8 . 12 
4 3 1 l-l 0 6 3 . 6 3 5 0 0 . 0 0 6 1 2 . 0 0 1 1 3 1 4 2 . 5 2 
50 - I 12 0 6 7 . 75 3 5 2 . 51 3 0 1 . 0 0 2 1 4 2 6 . 18 
5 5 109 I 7 1 . 3 7 2 4 8 . 4 8 3 4 6 . 0 0 4 6 8 3 2 . 0 3 
6 0 107 I 7 4 . 9 4 176 . 59 172. 0 0 9 5 5 0 . 6 3 
6 5 I 0 4 2 7 8 . 3 8 1 2 5 . 7 0 77 . 0 0 1 0 5 4 . 0 4 
7 0 101 c 8 2 . 15 3 8 . 78 77 . 0 0 2 6 5 6 . 4 8 
7 5 9 9 3 8 5 . 41 6 3 , 54 6 4 . 0 0 9 7 3 . 63 
9 0 9 7 6 8 . 4 7 4 5 . 8 8 3 5 . 0 0 3 7 0 6 0 
3 5 9 6 4 9 1 . 3 8 3 3 . 51 3 7 . 0 0 4 7 3 . 7 3 
7 0 9 5 ^ 9 3 . 81 2 6 . 4 0 3 4 . 0 0 3 5 3 . 3 2 
7 5 94 5 9 6 5 4 2 1 . 7 6 16. 0 0 7 4 . 41 
"lOO S 9 9 . 6 3 19. 21 18. 0 0 3 3 . 4 8 
105 91 6 1 0 2 . 15 16. 7 4 12. 0 0 5 2 . 2 2 
! 10 3 9 6 105 . 51 14. 0 8 10. 0 0 1 4 0 . 6 3 
1 1 5 S 107 . 3 9 10. 40 7. 0 0 2 4 . 81 
120 s: i 10. 13 7. 3 0 17. 0 0 4 9 6 . 14 
1 2 5 r_.i^ 6 1 12. 5 3 5. 0 6 4. 0 0 2 3 . 18 
i:-o 115 . 12 4. 3 6 0. 0 0 I. 74 
135 7 3 9 1 13. 91 6. OS 6. 0 0 151 . 7 3 
1*10 73 ? 120. 5 2 7. 31 0. 0 0 0. 0 0 
1 4 5 ? 122 . 79 7. 5 3 1. 0 0 17 . 9 3 
1 50 '.0 126 . 72 5. o 8 10. 0 0 1 52 . 61 
1 5 5 72 10 129 . 21 5. 7 3 t. 0 0 3. 16 
i c O i 9 1 1 132 . 57 6. 0 0 8. 0 0 2 3 7 . 9 5 
: a 5 .-J 7 1 I 1 3 5 . 81 6. 8 9 0. 0 0 0. 0 0 
1 70 6 3 12 138 . 57 7. 0 5 27. 0 0 3 5 2 4 . 4 7 
1 7 5 6 0 12 1 4 2 . 7 8 3. 21 11. 0 0 141 . 81 
1^0 5 9 12 1^5. 76 7 61 ^ 
&. 
0 0 I 5. 6 6 
I S 5 59 12 147. 6 0 7. 2 0 2 2 . 0 0 1 5 0 3 . 4 3 
1/50 57 1 Hi ! S l . ? 4 6. 91 6. 0 0 7 0 7 5 
195 5 3 12 158 . ao 6 7 5 0. 0 0 0. 0 0 
=:oo 51 12 1 6 2 . 4 S 6. 7 0 1. 0 0 7. 9 9 
2 0 5 1 3 1 6 3 . 59 6. 2 6 1. 0 0 10. 6 3 
2 1 0 ••14 14 1 70 . 41 7. 5 5 5. 0 0 1 6 1 . 8 4 
2 1 5 43 14 172 . 8 2 9 . 01 18. 0 0 5 5 1 . 4 9 
2 2 0 J 9 1*1 179 . 3 0 10. 01 2 2 . 0 0 2 2 6 4 . 6 2 
2 2 5 .36 14 1 8 4 . 18 9. 12 2 4 . 0 0 2 0 6 6 . 7 2 
2 3 0 3 3 15 189 . 3 4 9, 9 9 0. 0 0 2 . 0 0 
2 3 5 3 2 15 1 9 2 . 5 5 I 1, 0 7 7. 0 0 2 5 6 . 6 3 
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Appendix 9 ( c ) . GCLASS The development of the coppice stand 
g i r t h d i s t r i b u t i o n s as simulated by TREFAL. 
C I R T H C L A S S E S 
2 0 3 0 4 0 5 0 6 0 7 0 3 0 9 0 100 110 1 2 0 130 140 1 5 0 160 1 7 0 1 8 0 1 9 0 2 0 0 
3 5 3 16 2 3 2 7 2 2 13 3 3 0 0 0 0 0 0 0 0 0 0 0 
JO 2 1 4 2 6 2 2 15 2 i 9 4 3 0 0 0 0 0 0 0 0 0 0 
5 0 1 12 2 0 2 3 12 16 1 1 3 4 1 0 0 0 0 0 0 0 0 
6 0 0 8 2 2 16 1 4 12 i 4 8 3 2 3 0 0 0 0 0 0 0 
7 0 0 2 6 16 9 21 10 11 1 1 7 3 2 3 0 0 0 0 0 0 
BO 0 0 6 6 ! 7 12 1 4 B 13 6 7 3 2 3 0 0 0 0 0 
9 0 0 0 3 4 19 7 1 5 6 1 I 1 1 6 6 2 2 3 0 0 0 0 
100 0 0 I 2 19 4 13 1 1 B 13 6 4 5 1 2 3 0 0 0 
1 io 0 0 0 I 15 7 I 1 9 5 1 1 9 6 7 2 2 1 3 0 0 
120 0 0 0 • 7 13 9 10 5 8 13 5 3 5 2 3 0 3 0 
130 0 0 0 0 6 12 3 I 1 7 5 6 9 6 7 I •y 2 2 1 
1 4 0 0 0 0 0 3 12 0 12 10 1 7 1 2 5 3 5 2 1 2 2 
150 0 0 0 0 2 9 0 9 9 3 7 8 7 4 4 4 1 3 0 
160 0 0 0 0 1 e 0 8 7 4 5 6 9 5 3 5 2 1 2 
170 0 0 0 0 0 6 0 7 3 7 4 4 12 2 4 4 3 2 1 
130 0 0 0 0 0 4 0 3 2 10 1 6 8 5 6 2 5 2 0 
190 0 n 0 0 0 2 0 3 2 7 3 5 6 9 2 4 4 3 2 
2 0 0 0 0 0 0 0 0 0 0 I 6 4 4 4 7 5 6 2 5 1 
2 1 0 0 0 0 0 0 0 0 0 0 6 2 I 6 8 5 5 1 4 3 
2 2 0 0 0 0 0 0 0 0 0 0 5 1 6 4 9 1 4 2 5 
2 3 0 0 0 0 0 0 0 0 0 0 4 0 1 3 2 12 0 5 2 2 
•* «nt **» »-»• »«« «•»•» ** * •*»•* « » • »«« »tf « 
- G E 2 1 0 2 2 0 2 3 0 2 4 0 2 5 0 2 6 0 2 7 0 2 9 0 2 9 0 3 0 0 3 1 0 3 2 0 3 3 0 3 4 0 3 5 0 3 6 0 3 7 0 3 8 0 3 9 0 4 0 0 
•J 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
(iO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 
SO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
:oo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
: 1^0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 50 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 7 0 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
: 3 0 z> 1 1 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
170 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TOO I I 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 1 0 2 I i 1 0 a. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 2 0 ! 1 1 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 3 0 3 -» c 1 1 I 0 2 0 0 0 0 0 0 0 0 
0 0 0 0 0 
D « 4 4 « « 4tf-» *1Kt « »** »«« 4 « » »*« 
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